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I INTRODUCTION 


A.  PURPOSE  AND  SCOPE 

1.  Study  Objectives 

"-'The  general  objective  of  the  Coordinating  Committee^is  the  for- 
mulation of  a basin  plan  that  v>ill  serve  as  a flexible  guide  for  the 
orderly  development  and  optimum  utili/.ation  ol  the  water  and  related 
land  resources  of  the  basin.  The  basin  plan  places  emphasis  on  those 
actions  found  necessary  to  meet  water  resources  needs  for  the  1^80 
time  framo,  and  referenced  as  the  Early  Action  Plan,  and  identifies 
potential  measures  to  meet  needs  through  the  V'’ar  1010.  ^ 

The  Connecticut  River  Comprehensi\e  Study  is  one  of  a series 
of  water  resource  planning  studies  being  performed  for  the  entire 
nation  under  the  overall  guidance  and  direction  of  the  Water  Resources 
Council.  The  basin  plan,  to  be  used  as  a guide  in  development  of  the 
basin's  natural  water  and  related  land  resources,  has  given  consid- 
eration to  meeting  present  and  future  requirements  for  water  supplv, 
flood  control,  navigation,  hydroelectric  power,  recreation,  fish  and 
wildlife,  and  other  purposes  which  depend  on  or  arc  related  to  water 
resources.  These  are  commonly  referred  to  as  multiple  purposes 
or  uses.  Generally,  multiple-purpose  development  affords  a wav  to 
optimize  resources  of  water  and  land,  to  maximize  benefits,  and  to 
conserve  natural  resources. 

Current  guidelines  in  comprehensive  water  and  related  land  re- 
source plan  formulation  provide  for  consideration  of  multiple  objec- 
tives as  well  as  multiple  water  resource  uses.  These  multiple  objec- 
tives have  been  identified  as  National  Efficiency,  Regional  Development 
and  Eitvironmental  Quality  and  are  discussed  in  detail  in  Section  \T  of 
this  appendix. 

In  addition  to  the  three  plan  formulation  objecti\cs,  the  follow- 
ing policies,  principles,  and  assumptions  formed  the  basis  for  prepa- 
r.ition  of  this  report; 

a.  The  plan  made  maximum  use  of  all  available  data 
and  previous  studies. 

b.  The  plan  considered  all  beneficial  uses  of  the  land 
and  water  resources  of  the  basin  area. 
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c.  The  recommended  plan  makes  maximum  use  of 
those  authorities,  responsibilities,  and  going 
programs  of  existing  Federal,  State,  and  local 
agencies . 

d.  The  plan  is  intended  to  be  a flexible  document 
capable  of  being  modified  and  updated  periodically 
to  meet  changing  conditions  in  future  years.  In 
many  instances,  the  plan  is  conceptual  as  much  as 
it  is  applicable.  This  means  that  the  end  is  some- 
times more  important  than  the  measure  that  is 
ultimately  employed  to  meet  that  end. 

2 . Areal  Extent 

The  basin's  study  area  consists  of  that  portion  of  the  Connecti- 
cut River  Basin  which  is  within  the  United  States.  It  contains  11,136 
square  miles  and  extends  280  miles  from  Canada  to  Long  Island 
Sound.  It  includes  land  in  four  States,  of  which  13%  is  in  Connecticut, 
24%  in  Massachusetts,  28%  in  New  Hampshire,  and  35%  in  Vermont. 
Excluded  from  this  study  are  114  square  miles  in  Canada.  The  main 
river  separates  New  Hampshire  and  Vermont  along  its  west  bank 
and  cuts  through  the  west  central  sections  of  Massachusetts  and  Con- 
necticut. From  a hydrological  standpoint,  the  Connecticut  River 
drains  41%  of  V'ermont,  33%  of  Massachusetts  and  New  Hampshire, 
and  29%  of  Connecticut. 

To  facilitate  study  of  such  a large  river  basin,  the  study  area 
was  delineated  into  six  sub-basins.  These  referenced  subdivisions 
were  to  provide  control  at  the  basin  level,  at  the  State  level,  and  at 
a sub-state  level  to  permit  greater  detail  in  areas  where  desirable. 

It  is  recognized  that  no  one  areal  breakdown  of  the  basin,  whether 
baseti  on  economic,  physical,  social,  biological,  or  political  factors 
would  be  completely  satisfactory  for  all  purposes.  However,  the  six- 
part  subdivision,  as  shown  on  Plate  K-1,  proved  to  be  a suitable  tool 
for  use  in  this  study.  Further  areal  subdivisions  of  the  basin  as  re- 
quired for  special  study  purposes,  for  example,  sub-basin  or  triinitary 
analyses,  were  coordinated  within  this  framework. 

The  process  of  identifying  present  and  future  resource  develop- 
ment needs  consisted  of  examining  the  demand  for  resources  or  the 
extent  of  resource  problems;  then  examining  the  capabilities  of  ex- 
isting resource  developments  to  meet  these  demands  or  solve  these 
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problems.  The  study  dealt  with  demands  on  the  basin's  resources 
originating  from  within  the  basin  and  from  outside;  however,  at  the 
same  time,  the  study  was  limited  to  within  the  basin  in  its  considera- 
tion of  resource  capabilities.  Because  of  this,  a basis  for  separa- 
ing  the  "in”  from  the  "out"  for  both  demands  and  resources  capabilities 
was  essential. 

The  large  size  and  diversity  in  area  of  the  basin  made  it  an  un- 
wieldy unit  for  planning.  The  basin  is  not  homogenous  in  terms  of 
physical,  economic,  or  other  factors.  To  obtain  a reasonable  de- 
gree of  harmony  in  the  planning  framework  for  natterns  of  economic- 
activities,  political  distinctions,  physical  characteristics,  and  the 
availability  of  useful  data,  areal  compromises  were  m.ade. 

The  resources  of  the  basin  were  inventoried  within  a basin 
framework  for  State  portions,  generally  by  counties.  Maior  items 
of  population  and  economic  activity  were  projected  for  sub-state 
areas  which  approximated  the  basin.  The  closest  connection  between 
the  two  was  at  the  county  or  ’’groups  of  counties"  level.  The  inventory 
data  which  was  already  on  a basin  basis  was  adjusted  as  required,  to 
fit  a scheme  of  delineation  below  the  basin  level.  Projective  data, 
although  it  closely  approximated  the  basin,  required  some  adjustment 
to  fit  the  basin  area. 

The  State  area  provided  a natural  four-section  framework  for  sub- 
basin delineation.  The  part  of  the  basin  in  New  Hampshire  and  Vermont 
which  represents  about  2/3  of  the  total  area  of  the  basin,  is  sufficiently 
different  from  south  to  north  so  that  a split  in  the  area  north  of  White 
Riv'er  Junction,  Vermont  and  Hanover,  New  Hampshire  was  made. 

This  resulted  in  the  six  sub-basins  shown  on  Plate  K-  1, 

From  a hydrologic  standpoint,  the  Upper  Basin  was  considered  to 
include  all  of  the  area  that  drained  into  the  Connecticut  River  includ- 
ing, and  upstream  of  its  confluence  w ith  the  Omponpanoosuc  River. 

The  Middle  Basin  includes  all  the  watershed  south  of  the  Upper  Basin 
which  drains  into  the  main  stem  of  the  Connecticut  River  at  the  north- 
ern Massachusetts  State  line.  The  Lower  Basin  includes  that  remain- 
ing portion  of  the  basin  which  is  south  of  the  Middle  Basin.  I'he  Upper 
Basin  was  further  divided  into  Sub-basin  Area  I ( ipper  New  Hampshire) 
and  .Sub-basin  Area  II  (upper  Vermont).  The  Midrih'  Basin  was  divided 
into  Sub-basin  Area  III  (lower  New  Hampshirei  and  Sub-basin  Area  IV 
(lower  Vermont).  The  Lowi'r  Basin  was  divided  into  Sub-bnsin  Area 
(Massachusetts)  and  Sub-basin  VI  (Connecticut).  Area  V was  considered 
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as  that  part  of  ths  watershed  upstream  of  the  confluence  of  the  We«t- 
field  River  with  the  main  stem  of  the  Connecticut  River. 

B . ASSUMPTIONS,  METHODOLOGY,  AND  DEFINITIONS 


Maximum  utilization  was  made  of  existing  data  such  as  the  report 
of  New  England-New  York  Inter-Agency  Committee  (NENYIAC)  and  re- 
ports of  Federal,  State  and  private  agencies.  Development  of  new  data 
was  minimized  and  screening  of  alternative  measures  was  accomplished 
to  the  maximum  extent  practicable  by  use  of  past  studies  and  records, 
reconnaissance,  and  consultation  among  personnel  of  participating 
agencies . 

The  investigation; 

a.  identified  the  general  nature  and  scope  of  water 
and  related  land  resources  development  needs 
which  will  be  encountered  in  future  years,  con- 
fining planning  studies  to  meet  the  minimum  de- 
tail and  scope  necessary  to  meet  these  require- 
ments ; 

b.  defined  and  evaluated  in  sufficient  detail  to  com- 
prise a basis  for  authorization  studies  of  those 
projects  for  which  F'ederal  authorization  will  be 
required  to  permit  necessary  construction  to  be 
initiated  by  1980; 

c.  identified  the  nature  anci  scope  of  the  additional 
elements  of  the  plan  which  should  be  undertaken 
under  non-Federal  or  other  Federal  programs 
by  1980; 

d.  and  identified  potentials  for  meeting  the  needs 
through  lOdO  including  increased  scale  war- 
ranted a!  projects  required  by  1980. 

Individual  study  elements  were  considered  only  to  the  point  nec- 
essary to  arrive  at  the  conclusions  required  at  the  particular  stage 
of  the  study.  Studies  of  ICatures  and  elements  weri-  terminated  when 
it  was  determined  that  the  particular  f»-ature  or  elcnient  was  not  jus  • 
tified  for  inclusion  as  part  of  the  comprehensive  plan.  During  lat'’  i 
individual  authorization  reports,  further  r>  fini'nients  in  project  siope 
and  detail  may  be  at  com|>lishi  ci  . 
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The  investigations  included  active  participation  and  cooperation  : 

by  Federal  agencies  and  appropriate  regional,  State,  and  local  public 
agencies  and  interests.  The  views  of  each  were  considered  and  taken 
into  account  in  the  determination  of  requirements  and  in  the  formiula- 
tion  of  plans  for  resource  use  and  development. 

Future  needs  were  estimated  for  1980,  2000,  and  2020.  Projec- 
tive economic  studies  provided  the  forecast  dimension  of  dernograph- 
ic  and  economic  factors  and  served  as  tools  for  estimating  require- 
ments for  water  and  related  land  uses.  In  addition  to  the  Arthur  D. 

Little  studies,  later  projections  developed  by  the  Office  of  Business 

Economics,  Department  of  Commerce,  the  Economic  Research  j 

Service,  and  the  Forest  Service  of  the  Department  of  Agriculture  J 

were  used  for  over-all  guidance. 

Consideration  was  given  to  the  need  for  additional  water  diversion 
into  or  out  of  the  basin. 

i 

The  formulation  of  plans  and  evaluation  of  improvements  conform  J 

to  policies,  standards,  and  procedures  set  forth  in  Senate  Document  ; 

No,  91,  87th  Congress,  2nd  Session,  entitled:  "Policies,  Standards,  j 

and  Procedures  in  the  Formulation,  Evaluation,  and  Review  of  Plans  i 

for  Use  and  Development  of  Water  and  Related  Land  Resources  ' and  : 

amendments  approved  jointly  by  the  Secretaries  of  Agriculture,  j 

Army,  Interior,  and  Health,  Education,  and  Welfare.  j 

J 

The  report  presents  an  allocation,  on  a functional  basis  of  the  | 

costs  of  recommended  projects  together  with  appropriate  recom-  1 

mendatiJms,  for  Federal  and  non-Federal  cost  sharing.  i 

The  report  suggests  ways  and  means  to  implement  the  compre-  _j 

hensive  plan  recommended  for  initial  development  and  to  phase  the  I 

construction  of  the  elements  of  the  plan.  j 

( 

Projects  in  which  there  are  primary  or  substantial  F'ederal  in- 
terests and  which  are  urgently  needed  were  covered  by  interim  re- 
ports. The  essentials  of  such  interim  reports  are  part  of  tht'  final 
report. 

To  the  extent  necessary  for  plan  implementation,  the  report 
presents  basic  principles  which  should  be  covered  in  water  resource 
laws  . 
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Public  hearings  were  held  as  requirid  at  the  onset  ol  the  study 
to  receive-  information  on  water  resource  needs  ami  during  later 
phases  of  the  study  to  present  basin  development  plans  and  to  re- 
ceive views  relativi-  thereto. 

I’rogress  reports  were  prepared  by  the  Corps  ot  f.npineers  in 
accordance  with  existing  regulations.  In  addition,  periodic  reports 
of  status  were  made  to  the  Coordinating  Committee  and  interested 
public  and  private  groups  were  apprisi-d  as  to  status  ol  the  investiga- 
tions . 

1 . Assumptions 

The  comprehensive  plan  is  predicated  on  a series  of  assump- 
tions which  include: 

a.  that  the  nation  will  continue  to  enjoy  a period  of 
relative  stability  with  no  major  wars  or  depress- 
ions; and 

b.  that  water  will  be  available  in  sufficient  quantity 
and  of  adequate  quality  so  that  projections  and 
growth  will  not  be  adversely  affected. 

These  assumptions  were  used  as  guides  in  the  development  and  utili- 
zation of  demographic  and  economic  projections. 

Z . Economic  Criteria 

In  the  formulation  of  the  basin  plan  a number  of  economic 
guidelines  were  adhered  to.  Consideration  was  givi-n  to  all  purposes 
which  could  be  served  by  water  and  related  land  resource  develop- 
ment. Each  component  of  the  plan  was  evaluated,  in  the  final  anal- 
ysis. on  the  contribution  it  would  make  to  the  net  benefits  of  the 
total  basin  plan,  rather  than  to  any  single  purpose.  .Also,  to  the 
extent  possible,  all  tangible  and  intangiblt-  benefits  and  iost>  were 
incorporated  into  the  evaluation  process.  Finally,  it  should  bi- 
recognized  that  many  of  the  elements  o.'  the  recommended  plan 
will  undergo  more  refined  cost  and  benefit  analvsis  in  later  de- 
sign stages  prior  to  project  construction. 

The  planning  prc-icess  reviewed  both  present  needs  and  prob- 
lems and  those-  anticipated  in  the  future.  The  n-c  ommeiuiecl  i-'.arly 
Action  Plan  attempts  to  recommend  me-asures  re  cpiiri-d  to  meet 
P)80  needs  and  problems  in  a manner  uhich  will  also  [irocide  the 
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best  base  for  expansion  to  meet  future  ri'quiren.i  i ’ s . The  eionomii 
projection  period  for  the  study  te  rmin<it  eci  with  tl.i  d()iO  target  year, 
with  the  1980  used  as  the  short-range  bent  hmark.  In  instances  where 
the  useful  life  of  a project  extended  to  longer  p.  riods,  aci  ustments 
were  required  in  the  cost  and  benefit  analysis,  i-or  < x.ituple,  in  the 
analysis  of  reservoir  projects  which  liave  a jirodiu  t I'.c  life  of  well 
over  50  years,  a reasonable  extrapolation  was  iinuie  of  a\ail.ible  pro- 
jective economic  data. 

Price  levels  prevailing  on  or  about  .Fune  19o9  ui  re  used  as  an  in- 
dex in  evaluating  costs  and  benefits  for  most  studv  features.  However 
cost  estimates  of  upstreanr  watershed  reservoirs  wi  re  de\elcij3ed 
using  1965  price  levels.  An  interest  rate  ol  4-f  h w.is  used  in  ana- 
lyzing f ederal  Investment,  as  directed  by  the  Water  Resources  Coun- 
cil. Future  costs  and  benefits  were  discounted  to  present  worth  using 
the  Federal  rate  of  4-7  /8'',  . 

The  period  of  analysis  used  in  the  e\-aluation  ot  projects  was  the 
useful  life  of  the  project.  In  genera],  tlu'  evaluation  period  varied 
from  ZO  or  Z5  years  for  waste  treatment  facilities,  to  100  years  for 
major  reservoir  projects.  In  the  development  of  future  benefits  at- 
tributable to  Early  Action  projects,  preference  was  given  to  satisfac- 
tion of  ZOZO  needs  at  these  projects  rather  than  at  jtrojeeis  which 
are  identified  as  potentials  for  construction  after  I'FSO. 

C.  COORDINATION 


As  regional  representative  of  the  Chief  of  r.iigineers,  the  Division 
Engineer  of  the  New'  England  Divi.sion,  LF . S . Army  C'orps  of  Engineers 
was  assigned  the  major  responsibility  for  the  accomplishment  of  the 
study.  Assistance  in  guidance  was  afforded  by  the  Coordinating  Com- 
mittee which  is  comprised  of  rejiresental  ivi's  of  each  ol  the  partici- 
pating Federal  agencies  and  a representative  designated  by  the 
Governor  of  each  Stati>  within  the  basin.  Ihe  Dn  isum  tcngirnwr,  as 
Chairman,  directed  the  Committ  I'e ' s periodic  review  of  the  progress 
of  the  study.  'I'he  Committee's  function  im  hi  icd  the  lollcnving: 

a . offer  guidance  . 

b.  apjirisc  thi'  heads  of  the  Ei'di't'.il  .igem  ler.  and 
tile  .States  of  tlu'  trends  of  thi'  studv  . 

e.  resolvi-  <1  i f f e r ene c s , 

(1.  coordination  of  efforts  of  partuipants,  utid 

e.  .lid  in  presenting  to  tin'  publu  , 'fu  rc-  ill*- 

of  loordin.itcd  i omprehens  iv  e pl.ii.ning  tiiort. 
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II  PLANNING  ENVIKON.MENT 


A.  AUTHORITY 

The  Conneetu  ut  River  Basin  Coinprituns  i ve  StuHv  is  om  of 
the  original  sixteen  Type  II  river  basin  studies  selecteri  by  thi- 
Intf'rdepartmental  Staff  Comir.ittee  of  the  Ao  Hoe  U.iter  Resouree 
Council  for  completion  by  l^^TO.  Authority  for  pn  rt  le  i pa  t ■ on  and 
for  preparation  of  the  comprehensive  report  on  the  C'onni  i ticut 
Basin  is  contained  in  resolution  of  the  Committei'  on  Public  Works 
of  the  United  Stati  s Si  nate  adopted  1 1 May  I'^od. 

"RESOLVED  BY  THE  COMMIT  lEE  ON  PUBLIC.  WORKS 
OF  THE  UNITED  STATES  SENATFl  that  the  Boani  of 
Engineers  for  Ri\a  rs  anrl  Harbors,  ^ reat<  fi  uncii  r Sei  turn 
3 of  the  River  and  Harbor  Act,  appro\>  d 12  Jur.t  lo()2,be 
and  is  hereby,  requesteci  to  re\  iev  the  reports  of  tlu'  Con- 
necticut River,  Ma  s sai  hus  e tt  s , New  Hampsiiire,  \'<  rmont, 
and  Connecticut,  published  as  House  Document  Numbi  red 
455,  Seventy-fifth  Congress,  second  si'ssion  and  other  re- 
ports, vcith  a view  to  determining  the  a(i\  i sabil  ity  of  modi- 
fying the  existing  project  at  the  present  time,  with  parti- 
cular reference  to  developing  a compreheiisi\ < phin  of 
improvement  for  the  basin  in  the  interest  of  flood  i ontrol, 
navigation,  hydroelectric  power  development,  water  supply 
and  other  purposes,  coordinatiul  with  related  laiui  resources. 

B,  GUIDING  DOCUMENTS 

On  January  30,  i I the  rejiort  ot  t he  Si  iia  t e Se  1 e . t Committie 
on  National  Water  Resources  w ,i  s matie  pubiu.  I he  report  recog- 
nized the  expanfling  needs  for  water  anfl  relat<  d land  require  es  and 
called  for  the  F'edera!  Go\'ernment  in  c oopi  ration  witi.  thi  States  to 
prepare  anfl  keep  up  to  dale  plans  for  lompri  hensici  development 
and  management  for  all  majiir  river  basins  of  file  Uniter!  States.  In 
orrier  to  accomplish  this  goal  in  an  effu  lent  manner,  tlu  Pri  '-ifient 
on  October  6,  1 dd  1 asket!  the  Secretaries  ol  g r 1 1 ul  tu  i"'  . Army, 

Interior;  ami  Health,  Eriucalion,  anti  Weltai  e to  ret  ommi  nd,  for 
his  approval,  policies,  standards  and  proceduri  s tor  formuiatu  n 
anti  evaluatuin  of  water  resemrtes  use  .me  c a ve  Uipnietil.  s ,i  re- 
sult of  this  untie  rtaking,  tin-  four  F'eder.il  agem  les  .ciibimtti  d.  a 
joint  stcitc  ment  to  the  President  on  M.e^  15,  P‘t)2  entitlef.-  ' Piduu  s, 

Stanriards,  ami  Procedures  in  the  Formulation  E\ a lua  I ; on,  ,iml  IP  - 
view  of  Plans  for  Use  .mrl  Development  iil  \\  iti  r .imi  I’el.iti  d Land 


K-H 


Resources".  It  was  adopted  on  May  29.  1962  as  Senate  Document 
Not  97  by  the  87th  Congress,  2nd  Session, 

Senate  Document  No.  97  set  the  following  as  objectives  of 
planning: 


- The  basic  objective  in  the  formulation  of  plans  is  to 
provide  the  best  use,  or  combination  of  uses,  of  water 
and  related  land  resources  to  meet  all  foreseeable 
short-  and  long-term  needs.  *** 

- National  economic  development  and  development  of  each 
region  within  the  country  is  essential  to  the  maintenance 
of  national  strength  and  the  achievement  of  satisfactory 
levels  of  living.  Water  and  related  land  resources  de- 
velopment and  management  are  essential  to  economic 
development  and  growth, 

- Well-being  of  all  of  the  people  shall  be  the  overriding 
determinant  in  considering  the  best  use  of  water  and 
related  land  resources.  Hardship  and  basic  needs  of 
particular  groups  within  the  general  public  shall  be  of 
concern,  but  care  shall  be  taken  to  avoid  resource  use 
and  development  for  the  benefit  of  a few  or  the  disad- 
vantage of  many.  In  particular,  policy  requirements 
and  guides  established  by  the  Congress  and  aimed  at 
assuring  that  the  use  of  natural  resources,  including 
water  resources,  safeguard  the  interests  of  all  of  our 
people  shall  be  observed. 

The  Connecticut  River  Basin  Comprehensive  Study  since  its 
authorization  by  Senate  Resolution  in  May  1Q62  has  used  the  broad 
objectives  of  S 97  as  a basis  for  plan  formulation. 

On  July  22,  1965  Congress  passed  the  Water  Resources  Plaiming 
Act  (PL  89-80,  89th  Congress)  which  provides  for  "the  optimum  cie- 
velopment  of  the  Nation's  natural  resources  through  the  coordinated 
planning  of  water  and  related  land  resources,  through  the  establish- 
ment of  a water  resources  council  and  river  basin  commissions,  and 
by  providing  financial  assistance  to  the  States  in  order  to  increase 
State  participation  in  such  planning". 

The  Coordinating  Committee  for  the  Study  h,is  since  acted  with 
the  guidance  of  the  Water  Resources  Council,  which  v>.as  formed  under 
Title  I of  the  Water  Resources  Act.  Title  II  of  the  s.ime  act  authorized 
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thf  I'stablishtru  nt  ul  river  basin  i mnniissions  am.  rt  siiiti  d in  the 
later  forniation  ot  the  New.  l-.nitland  Hi\«'r  iVisins  Cajiiiiinssnm, 

This  latter  conmus  s mn  dilejtated  a ri-pre  sentat  i ve  to  .ser\*’  as  a 
meniber  of  tlu'  Conneetuut  Study  C.oi.rdinatinj:  C'oininitlie  in  .June 
of  1968.  Since  that  time,  the  Conimission  has  been  an  active  par- 
ticipant in  the  basin  study. 

C.  STUDY  CON  I HOLS 

1,  Water  Hesuiiri.i‘s  (Tnincil 

I'he  Water  hesoiines  Council  was  establisheci  Ijy  1:  e V\ater  Re- 
sources Planning  Act  (Public  Law  8'^-8(')  which  was  ,i]jpro\ed  July 
Z3,  1965.  The  lunction  of  the  Ciuincil  is  to  incouragi'  tlu  conser- 

vation, tU'velo])iiu  nt,  .inri  use  of  the  water  ano  related  land  resouiwes 
of  the  United  Slates.  1 his  is  to  be  flone  on  a 1 on  ip  r e he  ns  1 ve  am.  co- 
ordinated basis  by  the  Ft-deral  Government.  St.ites.  localities,  anti 
the  private  seitor,  all  operating  in  concert.  Members  of  the  C.ovmc  il 
are  the  S<'cretary  of  the  Interior  (Chairman),  tile  Sec  retary  of  Agri- 
culture, the  Sec  retary  ol  the  Army,  the  Sec  retary  ol  Health,  E,du- 
cation,  and  Welfare,  the  Secretary  of  Transportation,  and  the  Chair- 
man of  the  Fede  ral  Powe  r Commission.  The  Si’cre  tary  of  Comnie  rce- 
and  the  Secretary  ol  Housing  and  Urb.m  De\  e lojiment  are  Associate 
Memibe'rs  and  tlw  Director  eif  the  Bure-.iu  of  the'  IWidget  seiwes  as  an 
official  obse  rve  r. 

>.  Conneeticut  Hi\er  Basin  Cooreiinat  iiig  Conimitte  e 

The  Committe-e  is  made-  up  of  n-pri  se-ntatives  ol  tile  Defiartiiu  nl 
ot  Agriculture-;  the  .\rmy  (the  Chair  agenc  y);  Comme  rce’;  Health.  Fdii- 
cition.  and  We  lfare-;  the  Interior;  the  Federal  Power  tlommission;  the 
Gi'vernors  of  Conne  cticut,  Massachuse  tts,  Ne-w  Hampshire,  am!  Ve  r- 
mont;  and  the-  New  Fngland  River  Basins  Commission.  The-  Ceiordi- 
nation  Committee-  lias  guide-d  and  pa  rt  ic  ipate-d  .actively  in  tlu-  investi- 
g.ition  that  led  to  the-  deve-lopment  of  the-  Conne-ctuut  Ri\-er  B.asin 
l.omprehens  ive  Plan.  This  plan  is  inte-nde-d  to  se  rve  as  <i  guide-  to 
the-  best  use  . or  e-ombination  eif  uses,  ot  w.iter  and  related  land  re- 
source’s of  the-  brisin  to  nie-et  fori-seeable  short-  and  long-term  re-- 
c)Ui  rements. 

L New  l-inglami  Rive-r  B.isins  rommission 

The-  N'e  w l-ingl.ind  Rive  r B.isins  ('ommission  w,i.-  e s (,t  h)  is  he-<!  by 
the-  President  of  the-  Unite-d  .Mates  III  1^67  .it  tin-  re(|ui-st  of  the  Go\  e r 
nors  e>l  the  Ne  w l-inghind  .St.ite-s  ,ind  Hu-  .'-'t.ete  ol  N'e-w  Ye>rk.  Tin-  Ci>m- 
miSSloIl  h.l.s  be-ell  e-re-.ited  to  .Ser\’e  aS  .1  feie  al  point  teer  the  eie- \ e- 1 ee -pme- nt 
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of  comprehensive  and  coordinated  joint  planning  and  action.  The 
Commission  is  a partnership  of  Federal,  State,  interstate,  and 
regional  agencies.  Its  Chairman  is  appointed  by  thi  President, 
and  its  V'^ice - c ha  1 rman  is  selected  by  the  Nev.  Fngland  States. 

The  Study'  Coordinating  Committee  y,£,g  recomnu  ndi-d  th<-  estab- 
lishment of  a special  Connecticut  River  Basin  Program  within  the 
New  England  River  Basins  Commission  to  provide  leadership  and  co- 
ordination in  carrying  out  the  water  and  related  land  resources  man- 
agement programs  proposed  by  the  study  using  existing  Federal, 

State,  interstate,  and  local  authorities,  agencies,  and  programs  as 
implementing  media. 

4.  Agency  Participation 

Federal  agencies  participate!,  n varying  degrees  under  the  guid- 
ance of  the  Coordinating  Committee  during  tin-  coursi-  of  the  Study. 
Several  agencies  of  the  four  basin  States  assisteci  in  tin  invi  stigations 
by  providing  available  data  from  State  studies  as  wi  ll  as  acivice  to  tlu' 
pa rtic  1 pating  Fede'ral  agencies. 

a.  Executive  Sessions  of  the  Coordinating  Committee 
were  held  pi' r iodically  during  the  coursi'  of  the 
stuciy.  These  sessions  were  condiicteci  by  the 
Chairman,  so  as  to  allow  full  discussions,  exchange 
of  ideas,  anil  exploration  of  differenci-s.  E.xecutivi' 
meetings  were  opened  to  staff  and/or  consultant.s  at 
the  request  of  the  members  or  alternati  s of  thi  Co- 
ordinating Committee. 

b.  Staff  Level  Meetings  were  informal  sessions  between 
various  study  participants  of  the  State  and  F'ederal 
agencies.  These  meetings  provided  a means  by  which 
the  separate  agency  programs  could  be  presenti'd,  re- 
viewed, and  modified  for  each  area  of  the  basin. 

c.  Between  December  1966  and  Julv  1468  nine  Round  Table 
Plan  Formulation  Meetings  were  held  on  the  various 
areas  of  the  basin.  The  meetings  were  attended  by 
technical  level  personnel  who  evaluated  the  needs  and 
problems  of  the  basin  and  weighed  possible  solutions 

to  resolve  them.  The  following  is  a list  with  dates  of 
the  meetings  by  sub-areas  of  the  basin; 
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Round  Table  No. 


CRB  Area 


Date 


1 

I 

Upper  New  Hampshire 

December  14,  1966 

2 

II 

Upper  Vermont 

February  28,  1967 

3 

III 

Low/er  New  Hampshire 

June  5,  196  7 

IV 

Lower  Vermont 

4 

\' 

Massachusetts 

September  8,  196  7 

5 

VI 

Connecticut 

November  21,  196  7 

6 

I 

Upper  New  Hampshire 

Janua  ry  3 1 , 1968 

II 

UppiT  Vermont 

7 

III 

Lower  New  Hampshire 

April  9,  1968 

IV 

Lower  Vermont 

8 

\' 

Mas  sachusi’tts 

May  27.  1^68 

9 

VI 

Connecticut 

July  16,  1968 

The  final  round  of  plan  formulation  meetings  started  on  20  Oc- 
tober 1969  through  a session  called  a "Think  Tank".  The  partici- 
pating State  and  Federal  agencies  wen-  asked  to  send  a represen- 
tative lA  ith  authority  to  maki’  decisions  regarding  tht'  forniuiation  of 
the  final  Connecticut  River  Basin  plan.  The  " Think  Tank"  lasted  for 
a period  of  tv  o weeks  and  resulted  in  the  formulation  of  the  final  basin 
plan.  The  results  of  the  plan  were  documented  subsequent  to  the 
"Think  Tank"  and  were  presented  to  the  general  public  in  an  Infor- 
mation Packet  early  in  January  1970. 

d.  Interim  Reports  - Throughout  the  course  of  investi- 
gation, numerous  study  reports  were  prepared  and 
presented  to  participants.  A listing  of  these  reports 
IS  contained  in  Appendix  A of  this  report.  Status  re- 
|)orls  were  prepared  at  six-month  intervals  and  pre- 
sented to  the  public  at  the  Public  S-'ssions  of  the  Co- 
ordinating Committee  held  i-ach  fall  and  s[iring.  A 
listing  of  the  Ihiblic  Sessions  with  agend.t  of  each 
session  IS  also  incTuderl  in  Appendix  .A. 
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5.  Public  Participation 

Starting  early  in  the  study,  every  attempt  was  mack-  to  gage  tiu’ 
desires  of  the  general  public.  Four  formal  Publii  Hearings  were 
held  during  the  spring  and  fall  of  1*^64,  Ik-n  Public  Sessions  of  the 
Coordinating  Committee  were  held  throughout  tin  basin  during  the 
course  of  the  study  at  inti-rvals  of  approximately  six  months.  Pre- 
pa  red  minuti'S  wi're  distributi'd  to  those  who  attended  these  meet- 
ings. In  addition,  study  participants  held  numerois  informal  meet- 
ings and  correspondence  was  exchanged  with  iiiteri  sted  smaller 
groups  and  indi\idual  citizens. 

During  the  last  year  of  tin  study,  ten  Hegioii-.l  Public  Infor- 
m.ition  nu  I'tincs  were  held  in  key  inti'iU'St  ,irea>  ot  1 lie  basin.  In- 
formation gathered  throughout  these  int e n hange s with  the  publu 
was  considered  .ind  t.iken  into  aicount  by  the  ( 'no  r il  inat  i n c Commit- 
tee during  the  final  pi. in  fo  riiuil.ition  session.  In  some  instaiiies, 
the  tknnmittee  w.is  not  able  to  meet  loc.il  desires  ,ind.  .is  phinners. 
were  obligated,  to  choose  th.it  pi. in  wliich  in  their  opinion  lust  met 
the  needs  of  .ill  the  jieople  on  .ill  overall  basis. 

rile  b.isin  pi. in  was  ciocununiti'd  in  summary  lorm  in  .tii  lnli>r- 
m.ition  P.icket  th.it  was  distributed  to  tlie  public  prior  to  lin.il  Pub- 
lu lle.iriims.  rills  Information  Packet  was  di  s se  m i n.it  e d to  the 
publu  to  [)ro\ id.e  intormation  and  suffu  ienl  time  to  review  the  e\- 
tiiisixe  propos.ils  .ind  findings. 

The  four  fin.il  Public  Hearings  were  held  to  gi\'e  the  citizens  of 
the  b.isin  an  opportunitv  to  express  tlieir  \’iews  freel\-,  ftill\-,  and 
publicly  " ith  reg.ird  to  the  Coordin.iting  Committee's  selec  ted  pi. in, 
Digi-sts  of  thesi'  Public  Hearings  were  made  a pirt  of  the  fiii.ll  re- 
port. The  report  of  the  Subcommittee  on  Public  Infer m.it  i on  , which 
is  included  in  Appendix  Q,  presents  a summar\  of  present.it  ions  at 
the  Public  He.irings  .is  well  .is  a discussion  ot  the  effew t isi-ne s s of 
public  p.i  rt  ic  ip.ition  in  this  c ompre  hi'iis  i\e  studv. 
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III  PRESENT  ENVIRONMENT 


A.  BASIN  WATER  RESOURCES 

Ample  water  resources  for  all  uses  within  the  basin  result  from 
an  average  annual  precipitation  of  43  inches.  This  precipitation  falls 
on,  and  is  regulated  by,  a land  cover  which  is  dominated  by  forest. 

The  runoff  from  this  precipitation  is  therefore  relativelv  well  regulated, 
and  of  outstanding  quality  in  many  upstream  reaches  where  pollution 
from  human  activity  has  not  become  a dominant  factor. 


1 . Natural  Water  Resources 

The  Connecticut  River  main  stem  follows  a general  southerly  course 
along  the  appro.ximate  center  line  of  its  watershed  for  about  404  miles  to 
its  mouth  on  Long  Island  Sound  at  Saybrook,  Connecticut.  The  lower  60- 
mile  reach  of  the  river  is  tidal  having  a mean  tidal  range  during  low 
river  stages  of  3.4  feet  at  the  mouth  and  about  1.2  feet  at  Hartford  some 
52  miles  upstream  of  the  mouth. 

Wide  and  extensive  flood  plains  are  located  at  various  reaches  along 
the  main  stem.  During  major  floods,  these  meadow  lands  become  inun- 
dated to  varying  depths  of  from  10  to  20  feet,  and  act  as  large  natural 
detention  reservoirs  which  significantly  reduce  peak  discharges.  The 
most  noteworthy  natural  areas  of  storage  are  as  follows:  between  West 

Stewartston  and  Lancaster,  New  Hampshire;  a 15-mile  reach  between 
Woodsville,  New  Hampshire  and  Bradford,  Vermont:  in  central  Massa- 

chusetts betiveen  Montague  City  and  Holyoke;  and  also  the  most  e.xten- 
sive  flood  plains  between  Windsor  Locks  and  Middletown,  Connecticut. 

The  combined  natural  storage  available  in  these  valley  areas  is  greater 
than  all  of  the  existing  flood  control  storage  dams. 

In  its  southerly  course  to  the  ocean,  the  Connecticut  is  fed  by  numer- 
ous rivers  and  streams  entering  from  east  and  west.  Significant  tribu- 
taries are  contained  in  Table  1.  The  fifteen  largest  tributaries  having 
watershed  areas  larger  than  200  square  miles  divide  an  aggregate  total 
of  6,517  square  miles,  or  58%  of  the  basin  area.  Thi-y  are  as  foilows: 


Upper  Ammonoosuc  River 
Ammonoosuc  R er 
Mascoma  River 
.Sugar  River 
W est  River 
Millers  River 
Chicopee  River 
Earmington  Kiier 


Passumpsic  River 
White  R iver 
Ottauquechee  River 
Black  Ri\-er 
Ashiielot  River 
Deerfield  R ive  r 
Westfield  R i V i-  r 


Eurther  details  on  these  principal 


t r 


ibuta  ries 


m.iy  be  lound 


in  .appendix  C. 


K 


14 


TH^LE  1 

PSKTINEHT  DATA  - CONtfflCTIC  T RIVER  TRI°irrARrES 
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11 
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The  Connecticut  River  Basin  has  manv  natural  i-d  m,in--''.ide 
bodies  of  water.  There  are  172  bodies  of  vater  v.hich  rar.L'i-  in  sir-e 
from  100  to  4*^^  acres.  Of  this  amount,  2^  are  useri  for  -.itfr  .‘'upfil'. 
purposes  and  143  are  used  for  other  purposes.  Then-  are  si'ver  .1 
problems  associated  \^itl;  the  producti\ity  of  these  surlai  > water 
bodies.  Apart  from  the  problems  related  to  both  the  q iaatitv  and 
quality  of  the  recreational  activities  that  occur  on  or  near  these 
water  bodies,  is  the  problem  of  access.  For  example,  of  the  172 
bodies  of  water  noted,  only  61  have  public  access  for  rei  n'ational 

use  for  a broad  range  of  outdoor  recreation  activities.  ' 

I 

The  basin  has  more  than  35  bodies  larger  than  500  acres  ] 

in  size,  of  which  27  are  for  non-water  supply  purposes  and  8 for 

water  supply  purposes.  Public  access  is  provided  in  2 1 ot  the  5*^  , 

bodies  of  water  noted.  Generally  speaking,  the  managenn'nt  of  h.ew 
England's  water  supply  reservoirs  restricts  recreation  use.  How- 
ever, there  are  varying  degrees  of  recreational  usage  at  art  ur. 
water  supplies,  generallv  in  the  upper  part  of  the  basin,  whereas 
recreational  use  is  extremelv  limited  in  those  water  supplv  s\  stems 

located  in  the  Lower  Basin.  Past  experience  in  the  use  of  water  ^ 

supply  reservoirs  for  intensive  recreational  use  is  rel.ited  in  detail 
in  Appendix  R of  th.is  report. 

(b)  Precipitation 

The  average  annual  precijiitation  o\er  the  entire  h.tsin  is  about  ; 

43  ' of  water  and  ranges  from  3o  ' to  60  ".  Runoff,  that  portion  of  pre- 
cipitation left  after  evaporation  and  transpiration  a.s  well  as  deep  under- 
ground flow  to  the  sea,  averages  about  one-half  or  app  ro\ m ,.i ; li  v 2i". 

This  average  is  based  on  a study  of  New  England  '-.linfall.  loomplished 

by  the  U.  S.  Weather  Bureau.  In  general,  the  headwater  area-  of  all  i 

rnaior  tributaries,  except  those  entering  from  ihe  east  below  Bellows 
Falls,  e.xperience  pri’cipitation  averaging  in  excess  ot  tiO  .innu.illv. 

Most  of  this  precipitation  in  the  higher  ehwations  is  in  tlie  form  ol  -'iiow  ‘ 

and  occurs  during  the  winter  jK'riods.  The  rangi  between  iii.ixmium  .oid. 
minimum  values  of  average  monthly  precipitation  is  aiipro.ximat  ely  1 
to  2''.  Precipitation  is  generally  plentiful  Ihrcuighout  the  v«  .ir.  .‘.'.o.-.i  o! 

it  occurs  as  rain  in  flu-  southern  limits  with  -now-  making  ap  the  i trger  ! 

percentages  in  the  higher  and  northern  portions.  .Seri<'u.-  tloixi.--  h.  i 
occasionally  occurred  and  the  droughts  have  had  pronounced  eltei  t .pon 
water  quality.  (E^eference  to  Figure  1.) 
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(c)  Storms  and  Droup;hts 

Three  general  types  of  storms  cause  precipitation  over  the 
basin;  continental,  coastal,  and  thunder  storms.  Continental  storms 
originate  over  the  western  or  central  portion  of  the  United  States 
generally  trav'clling  easterly  or  northeasterly  in  direction  and  may  be 
rapidly  moving  intense  cyclones  or  the  stationary  frontal  type.  Thev 
are  not  limited  to  any  season  or  month  but  follow  one  another  at  more 
or  less  regular  intervals  with  varying  intensities  throughout  the  year. 
Tropical  hurricanes,  the  most  severe  of  the  coastal  storms,  originate 
in  the  South  Atlantic  or  Western  Carribean  Sea.  They  usually  move 
in  a general  path  to  tlie  south  and  cast  of  New  England  but  may  be  drawn 
over  this  area.  Hurricanes  have  occurred  during  the  late  summer  or 
fall  months  with  a higher  incidence  in  August  and  September.  Extra- 
tropical  coastal  storms  generally  originate  near  the  Middle  Atlantic 
States  and  travel  northward  along  the  coastline.  They  frequently  oc- 
cur during  the  autumn,  winter  and  spring  months. 

The  Connecticut  Basin  lies  within  the  generallv  classified 
humid  zone  where  the  average  annual  precipitation  is  reasonably 
well  distributed  throughout  the  year.  The  drought  history  in  the 
basin  before  1900  is  rather  limited;  however,  since  the  establish- 
ment of  gaging  stations,  drought  conditions  (low  flow  periods)  have 
been  observed  throughout  the  basin  at  various  times. 

A serious  drought  occurred  in  the  three-year  period  between 
1930  and  I'^SZ  which  was  used  by  many  communities  as  design  criteria 
for  their  water  supply  purposes.  Loss  severe  droughts  also  occurred 
in  1941,  194Z,  and  again  in  1<^48  and  1950,  but  the  longest  and  most 
severe  drought  in  the  history  of  the  region  occurred  in  1061  to  1066. 

It  had  a serious  impact  upon  water  resources  as  reflected  in  its  ef- 
fect upon  water  supply,  uater  quality,  and  upon  agriculture.  It  was 
during  this  time  that  a considerable  number  of  water  supply  facilities 
failed  since  they  had  been  designed  to  handle  repetition  of  the  less 
severe  drought  of  the  1930's.  The  accumulated  deficiency  of  runoff 
throughout  the  basin  during  the  six-year  drought  period  of  record 
v’aried  from  about  Z5"  in  the  north  to  almost  50"  in  the  south.  These 
values  are  equivalent  to  nearly  1 to  Z years  of  average  annual  run- 
off from  the  respective  areas.  Further  details  on  this  matter  may 
be  found  in  .\ppondix  C. 
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2.  Existing  Development  of  Basin  Water  and  Related  Land 
Resources 

The  Connecticut  River  is  one  of  the  nation's  hardest  working 
rivers.  There  are  more  than  180  dams  in  the  river  basin  each  of  which 
control  a minimum  of  50  square  miles  drainage.  Storages  are 
utilized  for  power,  water  supply,  recreation,  flood  control,  and 
other  industrial  purposes.  At  present  the  resources  of  the  basin 
are  extensively  developed  for  power.  This  electric  power  devel- 
opment started  very  early  in  the  Connecticut  River  Basin's  historvi 
and  today  47%  of  the  total  conventional  hydro  potential  has  been 
developed,  as  compared  to  a 26%  average  for  major  streams  in 
the  nation. 

Most  of  the  hydroelectric  developments  in  the  basin  have  been 
in  existence  for  some  time.  Of  a total  of  75  units  shown  on  Figure 
2 and  listed  in  Table  2,  some  40  generally  under  1,  000  kilowatts 
in  size  were  installed  prior  to  1920.  Of  these  75  hydroelectric 
dams,  47  are  operated  by  utilities  and  28  by  industrial  firms.  There 
are  more  than  50  power  installations  of  all  types  in  the  Connecti- 
cut River  Basin  which  have  installed  capacities  greater  than  1,  000 
kw.  Most  of  these  plants  are  hydroelectric,  although  the  cotnbined 
capacity  of  tl^e  thermal  plants  is  more  than  three  times  that  of  the 
hydroelectric  plants. 

At  the  present  time,  two  nuclear  units  are  in  operation  - Yankee 
Atomic  (185,000  kw)  and  Connecticut  Yankee  (600,000  kw).  An  ad- 
ditional 550,000  kw  of  nuclear  power  is  under  construction  at  Vernon, 
Vermont.  Location  of  the  three  nuclear  plants  arc  showai  on  Plate 
K-1  of  this  appendix,  and  a more  complete  in\entory  of  power  de- 
velopment in  the  basin  is  found  in  Appendix  I. 

Under  construction  in  the  basin  at  the  present  time  is  the  Nortl  - 
field  Mountain  pumped  storage  peaking  plant  at  Northfield,  Massa- 
chusetts, which  is  scheduled  for  completion  in  late  11371.  It  w ill 
consist  of  four  250  mvv  units  for  a total  installed  capaciti  of  1,000 
megawatts.  The  project  has  a capacity  of  1,500  mw.  Also  under 
construction  is  the  600  mw  Bear  Swamp  pumped  storage  project  on 
the  Deerfield  River  in  the  State  of  Massachusetts. 

Table  2 lists  the  existing  hydroelectric  developments  in  the 
basin  including  47  utility  plants  with  a generating  capacity  of 
about  620  megav.atts  and  28  industrial  projects  with  an  installed 
capacity  of  24  megawatts.  The  total  average  annual  generation 
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FIGURE  2 


TABLE  2 
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amounts  to  approximately  2.  1 billion  kilowatt-hours.  Projects  on 
the  main  stem  develop  over  700  feet  of  the  total  fall  of  2,  100  from 
headwater  to  estuary.  All  plants  except  Cobble  Mountain,  Harri- 
man , Moore,  and  Comerford  have  pondage  sufficient  for  little 
more  than  daily  or  weekly  regulation.  When  the  pumped  storage 
plants  currently  under  construction  in  the  basin  are  completed,  the 
basin's  hydroelectric  capacity  will  have  approximately  quadrupled 
over  the  1970  figure. 

Within  the  Connecticut  River  Basin,  86%  of  the  basin's  popu- 
lation is  served  by  municipal  water  supplies  as  compared  to  a 
national  average  of  75%.  The  distribution  of  the  population  which 
utilizes  community  supplies  is  shown  on  the  following  table; 

TABLE  3 

POPULATION  AND  WATER  SUPPLY  DEPENDENCY 
CONNECTICUT  RIVER  BASIN 
19b0 


Basin 

Subdivision 

Total 
(1, 000) 

Served  by 
Community 
Systems 
(1, 000) 

Percent 

Served 

CRB  I 

54 

26 

87 

CRB  II 

38 

18 

47 

CRB  III 

8 b 

65 

7b 

CRB  IV 

74 

41 

55 

CRB  V 

t)b2 

622 

94 

CRB  VI 

790 

674 

85 

TOTAL 

1 , 680 

1 . 436 

86  (ave.) 

This  tabulation  indicates  that  the  percent  of  the  population  of 
each  of  the  .subareas  which  utilize  municipal  systems  range  from 
47  to  94%.  In  general,  the  population  in  the  basin  suliareas  Imated 
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in  Vermont  (CRB  II  and  CRB  IV')  are  less  reliant  on  munu  ipal 
water  systems  than  are  other  basin  subdivisions. 

The  two  metropolitan  areas  in  the  basin,  Hartlord  and  .Spring- 
field,  contain  48%  of  the  total  population  of  the  basin  and  acc  ount 
for  56%  of  the  population  which  is  served  by  municipal  systems. 

Other  areas  of  the  basin,  although  not  metropolit.in , support  he,i\-v 
concentrations  of  population.  Twelve  such  additional  areas  com- 
bined for  an  additional  30%  of  the  population  of  tlu‘  liasiii  <ind  i5% 
of  the  basin  population  served  by  municipal  systems.  All  14  are, is 
are  shown  on  Table  4. 

Within  each  of  the  basin's  subdivisions  there  ,i  re  centers  of 
populations  which  exert  .a  signific,int  portion  of  the  dem.ind  on  the 
municipal  systems.  In  the  Connecticut  River  Biisin,  14  sm  ’ .iifas 
accounted  for  approximately  87%  of  the  total  water  supplied  Iro  n 
municipal  systems  and  constituted  anywhere  from  58  to  ^^8%  of  the 
municipal  water  supplied  in  each  of  the  basin  subdixisior.s . These 
areas  are  shown  on  Table  4. 

Municipal  water  supplies  are  drawn  from  both  ground  and  sur- 
face sources.  In  New  England  about  79%  of  the  population  dependi-nt 
on  municipal  supplies  obtain  water  from  surface  sources.  Thesi- 
surface  supplies,  however,  provide  about  83%  of  the  total  munu  ijuil 
water  supply.  The  sources  of  supply  in  the  Connecticut  Ri\er  B.isin 
as  a whole  follow  the  same  general  pattern  whicli  pre\-ails  through- 
out the  nation  and  New  England,  that  is,  surface  water  sources  Ser,e 
more  people  and  proxide  more  water  th,an  ground  w.iter  sources. 
Figure  3 indicates  the  sources  of  public  supplie.s  within  the  b.isin 
subareas.  In  general,  these  data  indicate  the  rcTi.ince  on  surl.ice 
supplies  is  more  prominent  in  basin  subdivisions  CRB  V'  .md  CRB  V! 
and  also  that  municipal  sources  of  water  in  basin  subdi vi.sion  CRB  II 
are  predominantly  ground  water  supplies. 

It  should  be  noted  th.it  the  l.irgest  m.in-m.ide  w.iter  si.ppiv  reser- 
voir in  the  b.isin  and  in  the  world  is  Qu.ibbin  Reservoir  with  .i  c ip.i- 
city  of  1,380,000  acre -feet.  Other  w.iter  supply  reserx  oirs  in  t'-.e 
b.isin  combine  for  a tot.il  cap.icity  of  174,000  ai  re-leet.  Water  .p- 
ply  reservoirs  are  discussed  in  Appendix  [)  .md  .ire  liste.l  |>-,  ite 
in  Appendix  J. 

While  floods  luannot  be  prexented,  m.in  h.is  tried  to  lontroi  them 
by  comp  rehen  s i xe  design  .ind  construction  of  flood  proteition  xxorks 
at  and  aboxe  critic. il  dam.ige  iimters.  In  the  Coniecticut  Rixer  Be. in 
16  reserxoirs  .itui  18  loc.il  protei-fion  work.s  h.ixe  been  con.strui  teil  bx' 
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TABLE  4 


MUNICIPAL  WATER  USE  AREAS 
CONNECTICUT  RIVER  BASIN 
1960 


Basin  Subdivision 
and  Area 


Municipal  Water  Percent  of  Percent  of 

Use,  mgd  Basin  Demand  Subbasin  Demand 


CRB  I 


Littleton,  N.  H. 

1.6 

0.  9 

38. 

CRB  II 

St.  Johnsbury 

1.  7 

1.  0 

58. 

CRB  III 

Lebanon-Hanover,  N.  H. 

2.8 

1.  6 

37. 

Claremont-Newport,  N.  H. 

1.  5 

0.  8 

20. 

Keene,  N.  H. 

2.  7 

1.  5 

36. 

CRB  IV 

Windsor,  Vt. 

0.4 

0.  2 

7. 

Springfield,  Vt. 

1.  3 

0.  7 

24. 

Bellows  Fall,  Vt. 

0.  9 

0.  5 

16. 

Brattleboro,  Vt. 

2.  0 

1.  1 

37. 

CRB  V 

Northampton-Amher St,  Mass. 

8.  1 

4.  5 

9. 

Springfield,  Mass. 

60.  0 

33.  6 

71. 

CRB  VI 

New  Britain,  Conn. 

21.0 

11.8 

28. 

Hartford,  Conn. 

46.  6 

26.  1 

62. 

Middletown,  Conn. 

4.  9 

2.  7 

6. 

TOTAL 

155.  5 

87.  0 
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the  Corps  of  Engineers.  The  reservoirs  with  over  500,000  acre- 
feet  of  flood  storage  reduce  flood  flows  from  nine  of  the  Connecticut 
River  tributaries  and  with  the  series  of  dikes,  flood  walls,  and  chan- 
nel improvements,  principally  along  the  main  stream,  protect  many 
highly  developed  downstream  damage  centers  in  the  four  States. 

These  structures  are  described  in  Appendix  M, 

Eleven  upstream  watershed  projects  have  been  completed  or  are 
under  construction.  These  locally-sponsored  projects,  authorized 
under  the  Watershed  Protection  and  Flood  Prevention  Act  (PL83-566), 
were  planned  and  installed  with  the  assistance  of  the  Soil  Conserva- 
tion Service,  Department  of  Agriculture.  The  11  projects  comprise 
a total  of  Z22,  800  acres  or  about  3.  1 percent  of  the  drainage  area  of 
the  basin.  Structural  measures  consist  of  34  single-  and  multiple- 
purpose  floodwater  retarding  structures  with  33,  000  acre-feet  of 
floodwater  and  sediment  storage  and  2,000  acre-feet  of  additional 
storage  for  water  supply,  recreation,  and  fish  and  wildlife  uses, 
and  approximately  30  miles  of  channel  improvement.  Appendix  F 
contains  detailed  descriptions  of  the  existing  programs  and  projects 
involving  the  Department  of  Agriculture. 


The  Connecticut  River  Basin  contains  many  recreation-oriented 
facilities.  For  instance,  there  are  two  national  forests,  about 
58  State  parks,  and  approximately  97  State  forests.  Inventories  of 
other  State  “manage  d recreational  facilities  within  the  Connecticut 
River  Basin  are  contained  in  Appendix  J of  this  report.  These  in- 
clude such  items  as  wildlife  management,  game  farms,  sanctuaries, 
recreation  areas,  fish  hatcheries.  State  reservations,  and  public- 
access  areas.  Figure  4 shows  existing  recreation  areas  in  the 
basin,  but  a more  complete  discussion  of  recreational  supply  in  the 
basin  is  discussed  in  Appendix  H. 

Since  1872  the  Federal  Government  has  made  numerous  navi- 
gational improvements  on  the  Connecticut  River  largely  below  Hart- 
ford, Connecticut,  These  have  consisted  of  a Federal  channel  52 
miles  long  from  Long  Island  Sound  to  Hartford  with  anchorage  iiri- 
provements  in  North  Cove,  Wethersfield  Cove,  and  along  the  main 
channel  opposite  Essex,  Connecticut.  Non-Federal  navigation  pro- 
jects consist  of  the  still  operable  Windsor  Locks  Canal  which  permits 
passage  of  shallow  draft  boats  from  the  lower  Connecticut  around 
Enfield  Rapids  into  the  Enfield  Pool.  Although  at  one  time  there 
were  navigation  locks  and  boat  passage  around  several  of  the  great 
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falls  on  the  Conne>.  ticut  River  such  as  South  Hadley,  Tun  ers  Falls, 
Bellows  Falls,  Sumner's  Falls,  and  Wilder,  these  are  no  lont>er 
operable  and  only  remnants  give  e\idence  of  their  e,iriier  existence. 

The  present  generated  uaste  load  of  tlie  basin  represi-nts  a bio- 
chemical oxygen  demand  of  almost  hOO,  000  pounds  eacl-  day.  Future 
waste  loads  are  anticipated  to  i.ncrease  in  magnitude  althougli  th.e 
amount  of  inc  rease  could  be  affected  by  changes  in  industrial  processes 
or  advances  in  technology.  Domestic  and  rnunicip.il  u iste  loads  uill 
become  greater  or.  a per  capita  basis  due  to  .anticipated  gre.atr'r 
affluence  of  b.isin  residents.  Increases  due  to  .affluence  uill  occur 
from  use  of  such  equipment  as  garbage  disposal  units  a.s  well  a.s 
expansion  of  present  sev.er.age  systems. 

Estimatt'd  wa.ste  lo.ids  to  basin  stream.s  are  shou:.  u Table  5 
and  w.aste  treatment  by  fuii-basm  ain-as  is  siiown  in  labb-  b. 

A brief  discussion  of  the  proun  ted  waste  louds  and  tia-ir  effect  on 
water  quality  for  the  period  1980  through  2020  is  contained  in  Section 
V of  this  appendix  and  in  gre.ater  detail  in  Appendix  D : this  report. 

Based  on  lun5  inform.ation  published  by  the  Dejia  rfnent  of 
Health,  Education,  ind  Welfare  less  than  lO'lo  of  th.e  commuiiities  in 
the  Connecticut  River  Basin  are  sewered.  On  a St.ite-hy-State  basis 
this  amounts  to  1-1  communities  in  Vermont,  20  in  Mew  Han'psh.ire  , 

26  in  Connecticut,  and  in  Massachusetts.  In  Vermont  i -4  svstems 
served  41,800  people  or  ahovit  37%  of  th.e  total  population  of  CRB  II 
and  IV.  In  \'ew  Hampshire,  20  systems  served  S5.000  people  or  47'h 
of  the  total  population  of  CRB  I and  III.  In  Massachu.<^ett  s 47  systems 
served  39  towns  and  a population  of  4S7,  jOO  which  wa-^  the 

sub-basin  CRB  V.  In  Connecticut  31  systems  in  2d  towns  ser\ed 
454,800  people  or  58%  of  the  population  in  sub-basin  CRF  \T.  A list 
of  the  communities  served  in  19d3  by  one  or  more  municipal  sewer 
systems  can  be  found  in  Table  7. 

At  the  present  time,  approximately  12%  of  the  total  of  .ilmo.ct 
500,000  pounds  of  vastc  loading  is  remm-cd  by  various  forms  iT 
treatment  prior  to  discharge  to  the  receiving  waters.  Bioh'gic.il 
treatment  methods  bv  si'condarv  treatment  which  h;i\c  th.e  capa- 
bility of  removing  88  to  "0%  of  t>  biochemical  oxvgeti  fiemand  are 
presentlv  practicable  and  comtnoi  v used  througlunit  the  n.ition. 


The  basin  States  ha\e  taken  steps  to  priAidr  treatment  of  mum.  - 
ipa  1 and  industria!  wastes.  In  the  Connecticut  Ri\cr  Ba  in,  tin  .States 
have  implemei'ted  plans  to  meet  State  water  qualitv  st-  . a.-.  : 4.  . Ti.e 
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T;j3ii-:  5 


VIAST.T.  LC'-DS  TO  E?-£r.3  STPi^vtS 
1960 


Pov^ncls  Per  D;::y  B‘TO5 


B.1S  in  F v>\ii vin  i on 
and  Ftro:r:'> 

’■nrii.cipal 

I noun  trial 

Percent 
Suobanin  Total 

Cl®  I 

Uprx^.r  .'rrnrx'suc 

255 

154,000 

97.5 

In reel 

250 

- 

Nil. 

Jclinn 

230 

- 

::ii. 

/'jrrcnoc.nr.c 

975 

1,(70 

1.7 

Connec6.ico.it 

425 

- 

0.3 

SuMotnl 

2,135 

155,670 

CP®  II 
Nul!-.- 

Nil. 

rani:  FUen.. 

- 

- 

2:il. 

Pacnn.-nic 

2 ,660 

- 

33.4 

V.'olls 

- 

120 

O A 

•1.  • 

Wail 

- 

- 

Nil. 

CT'..>~"  'inconi'c 

- 

- 

nil. 

Ccr^i:.ci  if-.1t 

375 

2,820 

64.2 

Fid.l  tal 

2,035 

2,940 

cm  III 

Mano."* — 1 

895 

4,100 

20.7 

Suenr 

1,870 

8,615 

43.5 

Cold 

- 

- 

Nil . 

Arhn - 2 ■ t 

2,2-'.0 

5,360 

31.5 

Ccnnecticnt 

995 

- 

4.2 

Fi",t  lal 

6,000 

18, 075 

CTJ5  -'V 

650 

l-O 

13.4 

Ott...  n :c'r  e 

170 

- 

1.6 

Pia:::. 

1,6/ 

910 

19.0 

Willi  1 

85 

- 

0.8 

Fad-  l"i  P". 

- 

2,<?'>0 

19 . .1 

Fa  -If  ; " V. 

- 

3.8 

V’a;-.t 

135 

- 

1.3 

Cor-  : ;ii'~n‘: 

3,350 

800 

40.6 

f,i2  a 1 

5,475 

4,970 
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TTUILL  5 (Continued) 


Banin  S’jbdivision  Percent  of 

^^nJ  Streem  Municipal  Indu'^txial  Subbanin  Total 


CRB  V 


Millers 

3,410 

9,200 

9.5 

IDeerfield 

2,410 

7,645 

7.6 

Mill 

- 

- 

Nil. 

Manhan 

485 

0.4 

Chicopee 

5,850 

22,510 

21.2 

Vfcstfield 

2,945 

9,075 

8.8 

Connecticut 

48,210 

21,175 

52.4 

Subtotal 

62,825 

70,090 

CRB  VI 

Scantic 

150 

1,450 

1.7 

FarminTton 

6,825 

195 

7.4 

Hockf^-v-' 

9,130 

3,760 

13.7 

Sali;ori  lir. 

- 

275 

0.3 

Soli.-cn  R. 

- 

150 

Nil. 

Hubixml  Dr. 

- 

1,240 

1.3 

Connecticut 

63,800 

7,610 

75.7 

Subtotal 

79,905 

14,680 

TOTAL 

158,375 

266,425 
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treatml:; 

\T  Or  !17IICIP7J.  AIO 

rrX'STRTAL 

T VR.n  s 

Pcujids 

Per  Dj>- 

POD5 

1960 

Industrial 

.►Tnicipnl 

Basiii 

Subdivision 

PwT.-: 

Aft/;r 

lYcatrcnt 

Percent 

Rirrcvcd 

Rrv 

After 
T rc  ^.t-nent 

Percent 

Fisnovod 

CRT  I 

155, C70 

155,670 

Ki  1 . 

2,355 

2,135 

9 

CRli  II 

2,940 

2,940 

Nil 

2,035 

2,035 

Nil. 

CRB  III 

ie,075 

18,075 

Nil. 

7,385 

6,000 

18 

IV 

4,970 

4,970 

Nil. 

5,980 

5,475 

8 

CTB  V 

70,090 

70,090 

::u. 

84,930 

62,855 

26 

CRB  VI 

15,695 

14,6BC 

1 

112,290 

79,905 

29 

Total 

267,440 

266,425 

Nil. 

214,975 

158,375 

26 

i I 


TABLE  7 


COMMUNITIES  SERVED  BY  SEWER  FACILITIES 


Bristol 
Hartford 
Middle towTi  (Z) 
New  Britain 
Winchester 
( Winsted) 
East  Hartford 
Bloomfield 
Farmington 
Glastonbury 


CONNECTICUT 

Manchester  (^) 
Plainvdlle 
West  Ha  rtford 
Wethersfield  (Z) 
Windsor 
Avon  (2) 

Berlin 

East  Windsor 
Enfield 


Granby 
Newington 
Portland 
Rocky  Hill 
Simsbury  ( 3) 

(incl.  Tariffville) 
Vernon 
(Rockville) 
Windsor  Locks 


31  systems  in  Z5  communities 

Population  in  the  communities  served  = 590,500 
Population  served  = 454,800 


Percent  of  CRB  VI  population  = 57.  6% 


NEW  HAMPSHIRE 


Keene 

Claremont 

Lebanon 

Charlestov^Tl 

Ne  wf)ort 

Sunapee 

Unity 


Colebrook 
l.ancaste  r 
Northumbe  rland 
Ste  wartsto'ATi 
Startford 
Whitefield 
Bethlehem 


Hanove  r 

Have  rhill 

Lisbon 

Littleton 

Hinsdale 

Walpole 


No.  of  systems  = ZO 

Population  of  towns  served  = 83,600 
Population  served  - 55,000 

Percent  of  CRB  I and  HI  population  = 47.  4‘(o 
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TABLE  7 (Cominuid) 


Chi>-  opfo 
Ga  r dr^c  r 
Holy  okf 
Ku 

Spriii^ii''  »d 
v\'o  s 11  io  1 d 
Agav.  .i!r. 

Am  he  vai 
Athol 
Burro  (d) 

(incl.  So.  Burro) 
Bo* Icho  rtov.  I* 
BuokL.:-.  ; 

Ch^.■^to  r 
Doorliold  (d) 

lu.  of 

So.  D'-''r'iold) 


M A S S A C H U S E T T S 

E-ijt  Longmoudovv 
E.i  slh.umpion 

E r viiig 
U roontio  Id 
H.i  rd\\  ick  (d) 

(vlg.  of  Gilbo  rtb'.  illo 
.ind  Whoolright) 
flutfioid 
Huiuiiigton 
[ _ . . d 1 o \\ 

Loiigmoudos'. 

Mo.'.iag’io  (d) 

(i.’o  1.  Moniuguo  City) 
North  Brookfield 
O range 


■li  bVbtemb 
l'\  pui.itior. 
Populu  tioi;i 


in  i ‘ tov.r.b 

of  tov  i'b  ber\-ed  = 5V'‘L  ^00 

scf..  .1  = -fST,  100 


Fi  luei't  of  CRB  V pop  Ration  = o9To 


V E R M O N T 


Bethel 
B ruuio  ro 
B ratt  leb(.>r  > 
Kaiul'ilpn 
1 la  rt  fo  rn 


Ri  adbbo  r o 
St.  Johnbbnry 
Sp  rimtl  ie  Id 
Ludb  u\ 

! .vndoi 


*.  . . ol  1 V b 1 ’ ’ b 1 

Hi  - p ■;  la  * ioi . I ‘ ! t o i*.  I . b bi*  r \ i*  d - S p S (t  t' 

1 i'p.l..';on  bi  r-.  ed  1 1 , rilU' 

He  ii  • : < ■ Ri'.  II  and  I pop  i!  i lion 


H a 1 rn  e i' 

Ro/alblon  (d) 

(mil.  So.  Royalsion) 
RUbboil  (d) 

(incl.  'vVoronoco) 
Snelburne 
Snnde  rland 
South  Hadley 
bpencer  (d) 

I empieton 

( I ig.  of  Baldwinville) 
V.  a ro- 
il a r ren 

'.\ebl  Springfield 

V.'ilbraharn 

'.V  ine  i.i  ndon 


N'l  vd:urv 
t\oi  king! .a tn 
W ■ Kidb t oi  k 
i\  iialbor 
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typo  of  troatment  aiui  the  date  of  implementation  varies  throughout 
the  basin.  Generallv^  Connecticut  and  Massachusetts  si  hedules  re- 
quire installation  of  secondary  treatments  by  1972  and  1^74,  respec- 
tively. The  plans  submitted  bv  Vermont  and  Key  Hampshire  uould 
provide  for  a mixt  ire  of  both  primary  and  secondary  plants  bv  l'^70 
and  1477,  respectively.  The  Secretary  of  the  Interior  has  not  yet 
approved  certain  parts  of  these  implementation  plans,  bat  the  ex- 
ceptions are  unrier  continuini’  negotiation.  In  the  five-.  ear  pi’riod 
from  1^0  3 to  19t  S,  Federal  construction  grants  were  ma'lc  in  tlie 
basin  States  for  projects  having  a total  eligible  cost  of  approxiinately 
$190  million.  Fede-  il  grants  during  this  period  arnon:  ted  to  ap- 
proximately $ 3'>  n illion. 

B.  NATURAL  EL' \'I RONMENT 


The  C.onnec*;.  River  forms  in  the  mountains  above  Ihe  Fourth 

Connectie -it  I.ake  ;■  th<  Canadian  border,  and  it  tlnw-  >ome  400 

miles  through,  a b.i>;r  2.40  miles  long  and  :.0  miles  ‘id.-.  Th.'  ba.-in 
encompasses  an  rea  of  ll,24(>  square  miles  in  lour  St.  te--  and.i 
small  portion  oi’e  C inadi.un  Province.  M.ijor  trib-:t  iries  include 
the  Arnmonoosu.  . •"'^h,  leiot.  Millers,  and  Chicopee  Rivt'rs  entering 
from  the  east,  the  P..  - .oimpsic , White,  West,  Dee’-fi.'- i-l.  Westfield, 
and  the  F.i  rmir.gton  River-<  erfering  from  the  v est.  D.Llv  flow  of 
the  Conne.  ti  -:t  --ys  nearly  It;, 000  cuhi.  feet  per  .second.  How- 
ever, it  h.us  runge.l  .•  i igh  .is  282,000  and  as  low  ,.s  'Wi  j,., 

spring,  .-i.iily  .•'lo"  rig.-  . -,.-r  .’4,000  cfs  bit  dr-.o  •.  • de  r 5,0O0 

in  late  summer. 

1 . C li  ma  te 

Thi-  Mimatn  . ■ *'■:  r.iinni'cticiit  River  B.isin  wuri.  - . ■ >n . .ie  r .bly 

defientling  on  the  el.--  'tion  md  b>.  .ition  with  re.-~|n-.t  t..  t'l.-  ....  t. 

The  valb-\  is  siii-ie-  t--,l  t..  frequent  b-it  g.-n.-r..lly  slmri  : - ri.“i--  of 
heavy  prei  ipit  .tioi  ii..-  n i f In-  p.i  th  of  [i  n- v , 1 ; : g ■ ■ , • . ■ r 1 le  s 

and  cvclonii  sf.>r:;i-;.  T'a-  . . ntr  .1  .oul  lo'v.  r porli.it, . ; the  - .ll.-v 

a re  e -.tp. , « . 1 ; , , , , . . , , , , | . , t ,i  I •;  t o r :n s , s.  .rn.-  ; c t - ' . r i g : t-. 

tha  t t r.i  v(  - 1 up  t!i('  t : ■ ; : j.  e , I x,  i r.  I. 

As  noti'fl  in  \t)p.  -’di\  C - Hvdr.dogv,  the  .uv.-r  le-'  .in:.-;  .'  t.-rnp^r- 
autre  c>f  the  C>-nne.  ti  -.t  R-v.-r  B.isin  is  -il-out  P'"  i '.  . .innu;il 

temperature  runge-  frreo  .dmut  ''0"F.  at  point.-  i:  t!  .-  --  !'-•  r-  p.irt 

near  the  .m.ist  to  l.-ss  tu.m  10"  F.  .it  the  higher  eie-,.iti-e  t:  .-  eer.- 
t ra  1 ami  northern  p.irtuins.  Aver.ig.'  i 'onthlv  temper  ' r.-t-  - 

widely  fh  r.  n : g'- m : ' the  . ir.  fr-u'  betv'.u-t  1. 1 7V  I- . :-  .’.h,  u;d 

Aug'.nst  lob.'t'.veri  II  .‘i.d  28"  F.  in  Janiiarv  ,ind  h • ' r r- 

.ige  daily  temper  -t  : ring-  from  oci.Hiional  !ii_  s , !'•  d>pe  r 'C''s 

to  in ! rt-fpien.t  bo.--  ..f  ■nin.iis  lh"F.  in  Ihe  south,  in'  • ;•  ' 1 . -r 

lower  in  tite  north. 
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2.  Topography 

The  upper  part  of  the  Connecticut  River  Basin  above  Fifteen 
Mile  Falls  near  Littleton,  New  Hampshire  is  in  the  northern  part 
of  the  White  Mountain  section  of  the  New  England  Physiographic 
Province.  From  Littleton,  New  Hampshire  to  Turners  Falls, 
Massachusetts  the  basin  lies  within  the  New  England  Upland.  In 
the  90-mile  reach  between  Turners  Falls,  Massachusetts  and 
Middletown,  Connecticut  the  basin  is  in  the  Connecticut  Lowland 
section.  At  Middletown,  the  river  turns  southeast,  leaves  the 
Lowland,  and  cuts  through  the  southern  portion  of  the  New  England 
Upland  in  a narrow  valley  to  the  sea. 

The  entire  basin  of  the  Connecticut  River  is  maturely  dissected 
with  the  river  flowing  throughout  most  of  its  course  in  a wide,  open 
valley  with  well-developed  flood  plains  above  which  rise  giacial 
terraces  tiered  on  tlie  valley  v\alJs,  Rugged  mountains  stand  out 
boldly  above  the  terraced  valley'  in  the  White  Mountain  section.  In 
its  course  through  the  Upland  section,  the  main  river  winds  betv.een 
rounded,  irrigular  hills  and  ridges.  The  Connecticut  Lowland  sec- 
tion of  the  basin  is  a region  of  subdued  hills  vhich  extend  on  both 
sides  of  the  broad,  terraced  river  valley  to  the  borders  of  the  inclos- 
ing Upland,  Projecting  above  the  eroded  hills  of  the  Lowland  section 
are  bold  ridges  of  relatively  resistant  trap  rock  which  constitute 
the  major  topographic  feature  of  this  region.  The  topography  of  the 
entire  basin  has  been  modified  by  glaciation  which  scraped  the  tops 
from  the  bedrock  hills  and  filled  the  valleys  with  glacial  detritus. 
There  was,  however,  apparently  little  actual  diversion  of  drainage 
by  the  glacier  in  the  Connecticut  Basin.  The  major  effect  of  the 
glacial  fill  in  the  valleys  has  been  to  raise  the  streams  from  their 
old  beds,  thereby  permitting  the  development  of  present  channels 
which  have  little  or  no  relation  to  the  underlying  configuration  of 
the  old  valley  in  the  bedrock. 

3.  Geology 

The  Ne\^'  Hampshire  - Ve  rmont  portion  of  the  basin,  is  underlain 
by  bedrocks  which  are  generally'  Paieor.cic  in  age.  These  rocks 
consist  of  Ordovician,  Silurian,  .ind  Devonian  sediments  .ind  Devon- 
ian and  Carboniferous  igtu'ous  rocks  which  h.ive  been  folded  and 
crumpled  along  axes  running  north-northeast  to  south-  t'nthv'.est. 

In  iddition  to  intense  folding,  thrust  faults  h.ave  -h-voloped  which 
underlie  and  parallel  the  Connecticut  River  Vhillev  throughout  some 
or  part  of  its  length.  The  original  sedimentary'  rocks  h.ive  been 
.iltered  to  schist,  qu.irtzite,  sl  ite,  gneiss,  .mil  oth>  r mi-t.imorphii' 
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rocks.  Many  of  the  igneous  rocks  have  been  changed  to  gneiss, 
serpentine,  or  otheruiee  metamorphosed. 

Throughout  Massachusetts  and  most  of  Connecticut,  the  river 
flows  through  the  Triassic  Lowland  which  is  underlain  by  sandstone, 
arkose,  conglomerate,  and  shale  with  interbedded  basalt  flows  and 
diabase  sills,  us'ually  known  as  "trap"  rock.  The  Triassoc  rocks 
have  been  faulted  and  tilted  so  that  subsequent  erosion  has  uncovered 
the  relatively  resistant  trap  rock  and  removed  some  of  the  surruond- 
ing  weaker  sediments  to  leave  the  trap  standing  out  in  prominent 
ridges.  Where  the  river  turns  southeastward  at  Middletown,  Con- 
necticut, it  leaves  the  soft  rocks  of  the  Triassic  Lowland  and  flows 
in  a valley  excavated  in  relatively  hard  schist,  gneiss,  and  granite. 

The  overburden  in  the  entire  Connecticut  River  Basin  is  mainly 
glacial  till  consisting  of  a mixture  of  clay,  silt,  sand,  gravel,  cob- 
bles, and  boulders.  The  till  is  generally  thick  in  the  \-alleys  and 
thinner  on  the  hills.  The  fill  may  he  absent  on  many  steep  slopes 
and  on  the  tops  of  nar  r ow -c  re  s ted  hills  or  mountains,  leaving  the 
bedrock  exposed.  Overlying  the  till  in  ‘he  valleys  are  extensive 
aqueo-glacial  deposits  which  generally  form  very  prominent  topo- 
graphic features  throughout  the  basin.  These  deposits  include 
stratified  materials  laid  dow-n  mainly  in  glacial  lakes  and,  to  a lesser 
extent,  hy  glacial  streams.  The  lake  deposits  include  the  terraces, 
deltas,  and  varved  clay  deposits  of  the  basin.  The  terraces  and 
deltas  are  composed  of  bedded  sands  and  gravels.  The  varved  or 
seasonally  banded  clays,  which  may  be  very  thick  at  locations  of 
former  glacial  lakes,  consist  of  clay  and  sil‘  and  are  overl.iin  by 
sand  or  sand  and  gravel. 

4 . Ecology 

The  ecosystem  of  the  Connecticut  River  Basin  is  described  in 
Appendix  O of  this  report.  Briefly  in  the  Connectic  it  River  Basin 
there  are  four  zones;  the*  Suh-Artic  Zone,  the  Boreal  Forest,  the 
Temperate  Hardwood  Forest,  and  Estuarine  Zone.  E.ich  contains 
a specialized  system  of  plants  and  animals  -shich  have  evolved 
through  the  years  bv  means  of  climate  and  elevation. 

a,  S ib-Artic  Z.mie 


The  Sub-Artic  Zone,  which  comprises  less  than  1/10  of 
1%  of  the  total  area  of  tl.  tiasin,  is  charac  te  riz.ed  by  a trei'less  are.i 
of  heath  and  i span  ity  of  animal  life.  The  prime  example  of  this 
zone  is  Mount  W.ishington. 


b.  Boreal  Forest 


The  Boreal  Forest  is  found  at  lower  elevations  and  is 
characte rized  by  spruce  fir  associations. 

c.  Temperate  Hardwood  Forest 

The  Temperate  Hardwood  comprises  the  major  portion  of 
the  basin  and  is  characterized  by  hemlock-deciduous  hardwood  for- 
est found  in  the  lower  portion  of  the  basin. 

d.  Estuarine  Zone 

The  fourth  zone,  the  Estuarine  Zone,  is  found  in  the  area 
close  to  the  marine  environment  where  the  tidal  waters  extend  up- 
stream to  the  vicinity  of  Hartford,  Connecticut.  This  zone  is 
characterized  by  the  marine-affected  climate,  stream  side  mead- 
ows, and  tidal  salt  marshes. 

The  Sub-Arctic  Zone  because  of  its  small  area  and  its  unique 
character  should  be  preserved  for  scientific  study  and  public  use 
for  all  time.  The  remaining  life  zones  comprised  increasingly 
greater  areas  of  the  Connecticut  River  Basin  and  have  the  most 
potential  for  use  and  exploitation  by  man.  Care  must  be  taken  to 
insure  that  our  use  will  not  contribute  to  the  degradation  or  de- 
struction of  their  values. 

C.  HISTORICAL  AND  CULTURAL  DEVELOPMENT 

Since  the  discovery  of  the  Connecticut  River  in  lbl4  bv  Adrian 
Block,  the  river  has  maintained  an  active  and  growing  economy. 

Block  established  a trading  post  on  the  site  of  present  day  Hartford 
and  claimed  a broad  territory  for  his  native  country.  English  set- 
tlements followed  in  the  1630's.  During  this  period  of  settlement, 
both  the  Dutch  and  the  English  formed  precarious  alliances  with  the 
neighboring  Indian  tribes,  leading  to  clashes  for  power  and  cor.trol. 

In  1650,  the  Hartford  Treaty  defined  the  boundaries  of  Indian,  Dutih, 
and  English  holdings  and  ushered  in  a short  period  of  relati'/e  peace. 
War  again  erupted  between  the  two  European  powers  in  IbSd.  It  was 
a brief  conflict  and  forced  the  Dutch  to  abandon  their  claim  to  tin' 

ri VC  r . 

The  Connei  ticut  colonists  manifested  their  spirit  of  indep(.-ndence 
at  an  early  date  and  wt're  proud  of  their  coloni.i!  ch.irter,  v Inch  al- 
lowed them  more  freedom  and  independent  .action  th.in  most  of  tin- 
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other  American  colonies.  This  sense  of  freedom  and  independence 
has  become  a traditional  characteristic  of  the  nativ'es  of  the  Con- 
necticut Basin. 


The  influence  of  French  to  the  north  was  exerted  upon  the  Con- 
necticut Valley  and  resulted  in  straggles  belv^een  the  French  settlers 
in  Canada  and  the  English  colonists  in  New  England.  The  Connecti- 
cut River  served  as  a waterway  for  the  French  and  their  Indian 
allies  to  raid  the  villages  and  settlements  of  the  New  England  colo- 
nists, These  raids  led  to  periods  of  severe  unrest  vihich  ended  \.>.ith 
the  taking  of  Quebec  by  the  English  in  1759,  and  the  signing  of  the 
Treaty  of  Paris  in  1763. 

The  Revolutionary  War  left  the  valley  virtually  unscathed.  Con- 
necticut, Massachusetts,  and  New  Hampshire  were  among  the  13 
original  colonies  which  banded  together  to  form  the  new  Republic. 

In  1791  Vermont  became  the  I4th  State  in  the  Union. 

About  one  and  one-half  centuries  ago  the  upper  end  of  the  valley 
became  the  scene  of  a remarkable  footnote  to  early  American  his- 
tory. The  Indian  Stream  Republic,  perhaps  the  smallest  and  short- 
est lived  nation  ever  known  in  the  Western  Hemisphere,  had  its 
beginnings  when  three  adv'enturers  from  New  Hampshire  acquired 
the  upper  valley  from  the  Indians  and  settled  it  in  1796.  About 
1820,  the  State  of  New  Hampshire  acted  to  bring  the  area's  almost 
300  inhabitants  v.ithin  its  fold.  In  resistance  to  the  State's  efforts, 
the  residents  of  the  area  formed  the  Indian  Stream  Republic  and 
appealed  to  Washington  for  recognition.  The  inhabitants  were  in- 
formed bluntly  that  they  were  within  the  territorial  limits  of  both 
the  United  States  and  the  State  of  New  Hampshire.  This  attempt  to 
establish  an  independent  nation  was  abandoned  in  1836,  but  traces 
of  this  indepencence  are  exhibited  on  occasion  even  today. 

The  economy  of  the  Connecticvit  River  Valley  developed  prima- 
rily on  a basis  of  agriculture  and  trading.  The  Dutch  founded  a sub- 
stantial trade  with  the  Indians  living  along  the  river,  dealing  in  furs 
and  other  goods.  The  English  settlers  from  Ply^mouth  Colonv  were 
attracted  by  the  agricultural  potential  of  a temperate  climate  and  rich 
soil  and  were  the  first  to  build  permanent  villages  in  the  valley.  Their 
economy  centered  on  livestock  and  farm  produce  and  was  largely  self- 
sufficient.  As  the  region  expanded,  shipbuilding,  fishing,  and  lum- 
bering became  increasingly  important.  By  the  end  of  the  18th  cen- 
tury, tanneries  and  small  local  mills  thrived  by  processing  leather, 
grain,  lumber,  and  paper.  The  early  19th  century  saw  the  rapid 
growth  of  textile  mills  within  the  area. 
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With  the  development  of  mechanical  equipment,  Ncv  Enpland's 
machine  tool  industry  mushroomed,  and  factories  making  a wide- 
range  of  articles  from  guns  to  pumps  to  sev.ing  machines  became 
a major  factor  in  the  economy  of  the  area.  The  river  ser\ed  both 
as  a source  of  power  and  as  an  economical  v.ay  to  transport  rau 
materials  and  finished  products. 

The  river  was  also  the  basal  point  of  social  and  economic  life. 
The  first  settlers  chose  the  fertile  plains  near  the  river  banks,  the 
water  served  their  household  and  farming  needs,  provided  power 
for  watersheels,  and  was  their  means  of  transportation.  Because 
of  this  dependency  on  the  river  for  food  and  transportation,  many 
of  the  larger  settlements  were  established  on  the  flood  plain  of  the 
main  stem  of  the  river.  But,  at  the  same  time,  the  river  acted  as 
a barrier,  hindering  travel  to  and  from  established  areas.  Bridges 
became  necessities  to  those  who  lived  on  either  bank.  In  1784  the 
first  span,  a toll  bridge  connecting  Walpole,  New  Hampshire  and 
Bellows  Fall,  Vermont  was  built.  A need  to  develop  a convenient 
method  to  extend  travel  down  river  around  the  falls  prompted  con- 
struction of  the  first  canal  in  the  United  States  at  Bellows  Falls, 
Vermont  in  179Z.  The  Nation's  second  and  third  canals  were  also 
constructed  along  the  Connecticut  at  Turners  Falls  and  South  Had- 
ley, Massachusetts.  Today,  Windsor  Locks  is  tlie  only  functional 
canal  remaining  on  the  river.  Built  in  18Z9,  it  provides  passage 
around  Enfield  Dam  and  Rapids. 

Many  inventions  and  innovations  are  also  reflected  in  the  Con- 
necticut's waters.  Residents  along  the  river  have  alv^ays  felt  that 
the  Connecticut  was  the  birthplace  of  modern  shipping.  The  first 
steam  propelled  boat  was  built  in  Windsor,  Connecticut  in  1787. 

Six  years  later,  and  14  years  before  Fulton's  steamboat,  an  im- 
proved version  with  a steam-turned  paddlw  wheel  was  constructed 
by  Samuel  Morey  at  Oxford,  New  Hampshire.  In  1848  .Samuel  Colt 
established  a factory  in  Hartford  equipped  with  the  most  up-to-date 
machines  for  making  his  famous  firearms.  Numerous  factories 
were  built  along  the  river  during  the  19th  century,  changing  the  faee 
of  much  of  the  valley  from  rural  countryside  to  a series  of  booming 
industrial  towns. 

D.  ECONOMIC  DEVELOPMENT 

The  first  settlements  on  the  main  stem  of  the  ri\er  were  at 
Hartford,  W'indsor,  and  Wethersfield,  Connecticut  in  lti35.  Spring- 
field,  Massachusetts  was  started  in  16  56.  These  early  l ommumties 
were  founded  by  Puritans  from  the  Massachusetts  Bav  Cnlonv.  The 
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social,  economic,  and  spiritual  influences  which  distinguished  the 
Bay  Colony  were  implanted  in  these  towns.  Farming  was  their 
first  occupation.  However,  in  the  Connecticut  River  Valley  as 
elsewhere,  the  number  of  farms  and  farm  workers  has  dwindled 
and  the  importance  of  agriculture  in  the  economy  has  declined 
during  the  last  century.  In  1910,  9.  65%  of  the  labor  force  in  New 
England  listed  occupations  in  the  agriculture  category,  by  1950 
this  had  dropped  to  only  3.  15%.  Today  the  economy  of  the  basin  is 
a diverse  mix  of  manufacturing,  trade,  finance,  agriculture,  and 
tourism,  wdth  higher  education  also  being  an  important  factor. 

Industry  in  the  basin  varies  from  sub-basin  to  sub-basin.  In 
CRB  I paper,  lumber,  and  veneer  dominate  and  other  wood  products 
employ  a large  percentage  of  those  working  in  manufacturing.  The 
machinery  industry  is  projected  to  have  significant  growth  in  CRB  I 
although  not  be  as  prominent  as  in  CRB  IV.  Paper  is  also  projected 
to  be  a major  source  of  employment  growth  after  1980.  In  summary, 
although  manufacturing  in  CRB  I is  highly  concentrated  in  a few  in- 
dustries which  are  anticipated  to  remain  the  primary  sources  of 
growth,  a greater  diversification  of  the  manufacturing  base  is  ex- 
pected to  take  place. 

In  CRB  II,  manufacturing  is  chiefly  concentrated  in  lumber, 
wood,  paper,  and  machinery  industries.  Employment  in  the  ma- 
chinery and  electrical  machinery  industry  is  projected  to  grow  sig- 
nificantly; and  by  2020,  will  constitute  major  industries  second 
only  to  the  paper  and  allied  projects  industry.  Employment  in  the 
lun  L - r and  wood  products  industry  is  expected  to  decline  slightly. 

I'^xtile  and  leather  have  been  the  traditional  manufacturing  in- 
dustries in  CRB  III,  however,  machinery  and  electrical  machinery 
have  experienced  vigorous  growth  in  this  area  in  the  past  10  years 
and  non-electrical  machinery  now  stands  out  as  a major  employer. 

By  2020,  machinery  and  electrical  machinery  industry  uill  be  the 
sub-area's  largest  manufacturing  activity. 

In  CRB  IV  non-electrical  machinery  has  been  the  sub-area's 
largest  single  manufacturing  industry,  employing  a large  percent 
of  the  manufacturing  work  force.  The  industry  is  presontlv  con- 
centrated in  five  or  six  large  machine  tool  firms  in  the  towns  of 
Springfield  and  Windsor.  It  is  projected  that  electrical  and  non- 
electrical machinery  will  account  for  more  than  half  of  the  expected 
employment  growth  in  the  CRB  IV  manufacturing  sector.  Lumber 
and  wood  products  which  is  presently  the  second  largest  industry 
has  been  declining  and  by  2020  its  total  employment  will  have  fallen 
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to  a fraction  of  the  I960  level.  In  contrast,  the  paper  and  allied 
products  industry,  which  is  relatively  small,  will  grow  in  impor- 
tance after  1980  and  by  ZOZO  will  account  for  a significant  portion 
of  the  manufacturing  industry. 

The  principal  manufacturing  employers  in;CRB  V are  non- 
electrical machinery,  paper  and  allied  produces,  textiles  and  fab- 
ricated m«tals.  The  paper,  machinery  and  electrical  machinery 
and  chemical  industries  are  anticipated  to  grow  most  rapidly  in 
this  area.  In  fact,  the  paper  and  chemical  industries  are  pro- 
jected to  expand  more  rapidly  in  CRB  V than  in  Massachusetts 
as  a whole. 

In  CRB  VI  the  most  important  manufacturing  industries  in  1960 
were  transportation  equipment,  non-electrical  machinerv,  fabri- 
cated metal  products  and  electrical  machinery.  Transportation 
equipment  will  continue  to  represent  a significant  percent  of  the 
future  employment  in  manufacturing  while  machinery  and  electrical 
machinery  are  projected  to  have  the  fastest  growth  rate.  Together 
these  two  industries  will  account  for  approximately  one-half  of  the 
sub-area's  manufacturing  employment  by  ZOZO. 

The  New  England  economy  will  continue  to  prosper  in  the  future 
according  to  available  reports,  but  there  are  some  serious  problems 
which  should  be  overcome.  For  instance,  the  concentration  of  high- 
ly technical  industries  and  services  are  not  distributed  evenly  acrus.- 
the  region  but  are  clustered  in  the  southern  portion  of  New  England. 
Indications  are  that  the  same  growth  will  continue  to  follow  the  san'e 
cluster  pattern  in  the  future.  This  concentration  of  jobs  and  popu- 
lation places  a strain  on  the  existing  environment. 

At  the  same  time,  the  lack  of  economic  opportunities  in  non- 
metropolitan New  England  has  resulted  in  low  income  for  those 
regions  as  well  as  inadequate  services  and  facilities.  These  areas 
have  suffered  an  out-migration  even  though  they  are  the  are's  wit!, 
the  most  attractive  natural  environment.  An  inspection  of  1 able  s 
in  Section  IV  of  this  appendix  reveals  the  general  drop  in  th.e  popu- 
lation increase  between  1950  and  1960  as  you  move  northward  ir  tiu 
basin. 

Reports  issued  by  the  New  England  Regional  Commission  ; ;di- 
cate  that  future  emphasis  by  the  Commission  will  be  direi  ted  towarci 
designated  growth  centers  in  non-metropolitan  areas.  Also,  within 
southern  metropolitan  areas,  the  Commission  will  enqihasiiu-  the 
reduction  of  adverse  effects  of  concentrated  ecotiomic  growth  or  !lu 
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environment.  The  attempt  will  be  to  provide  a balanced  geographic 
growth  and  to  prevent  a continuation  of  these  trends.  The  over- 
loading of  the  environment  in  densely  populated  areas  and  increas- 
ing gaps  between  those  who  do  not  enjoy  great  economic  advantage 
and  those  who  do  will  place  a growing  burden  upon  the  States  and 
local  Governments  of  New  England. 

Figure  5 shows  the  diversion  in  the  level  of  per  capita,  per- 
sonal income  for  the  four  States  of  the  Connecticut  River  Basin. 
While  the  region  as  a whole  has  a higher  per  capita  income  than  the 
nation,  only  a few  areas  exhibit  per  capita  incomes  in  excess  of  the 
regional  or  national  figure.  For  instance,  there  is  a great  dis- 
parity between  per  capita  income  levels  in  southern  and  northern 
portions  of  the  Connecticut  River  Basin.  With  few  exceptions, 
per  capita  income  observations  for  New  Hampshire  and  Vermont 
lie  below  both  regional  and  national  averages.  Conversely,  the 
majority  of  the  per  capita  income  levels  in  the  southern  basin 
States  are  at  or  above  the  national  or  regional  levels. 
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IV  FACTORS  OF  CHANGE 


A.  SOCLVL  AND  DEMOGRAPHIC  TRENDS 

1.  Popul.ttion  Growth 

In  1960  the  Connecticut  Ri\-er  Basin  had  a population  of  approxi- 
mately l.b8  million  people.  This  represents  a gro\>.th  of  approximate- 
ly 15%  during  the  decade  1950  - 1960.  Nearly  84%  of  this  population 
lives  below  the  northern  border  of  Massachusetts  and  7 i%  of  the  popu- 
lation in  Massachusetts  and  Connecticut  lives  in  the  adjoinii^g  Stand- 
ard Metropolitan  Statistical  Areas  of  Sprir.gfield-Chicopee-Holyok<  - 
and  Hartford.  The  combined  population  of  these  two  SMSA's  exceeds 
one  million,  and  during  the  IdSO  - 1^60  decade,  86%  of  the  basin's 
population  growth  took  place  in  these  two  areas. 

By  comparison  from  Franklin  County,  Massachusetts  northw,ird 
in  the  basin,  with  the  exception  of  Cheshire  Courtv,  Ni‘w  Hampshire 
an  examination  of  growth  by  counties  shows  little  to  no  growth  in  the 
ten-year  period  preceding  1960.  This  is  shown  on^  Table  8.  1 he 

three  counties  in  northern  Vermont,  Essex,  Orange,  and  Caledonia 
actually  had  a decrease  in  population.  In  northern  New  Hampshire, 
Coos  and  Grafton  Counties,  as  a v\hole,  showed  slight  increases  but 
almost  all  of  the  growth,  in  Coos  County  took  place  in  the  city  of  Ber- 
lin, which  is  outside  the  basin  boundary.  In  Grafton  County,  the 
major  portion  of  the  growth  took  place  in  Hano\'er  and  Lebanon,  which 
this  study  has  included  in  Sub-basin  Area  CRB  III,  southern  N<.‘w 
Hampshire. 

The  counties  in  southern  Vermont,  Windsor  and  Windham  .md 
Sullivan  County  in  New  Hampshire  as  well  as  Fr.inklin  County  in 
Massachusetts  all  show  very  slight  growth  in  tlie  order  of  two  to 
six  percent.  Only  Cheshiiw  County,  New  Hampshire  with  .i  growth 
of  11.7%  exhibited  any  significant  increase.  With  this  one  i xi.eptiur. 
the  indication  is  th.it  most  of  tJ'.e  growth  h.is  taken  phu-e  in  th.e  soi.t!.- 
e rn  metropolitan  regions  of  the  basin.  Or  tin-  b.isis  ol  en\ i r.inn'i’nt.i  1 
aspects  and  availahh-  land,  this  is  the  seition  i.!  the  b.isin  "I  uh  ..it 
least  aci  ommod.ite  the  growth. 

The  popul.ition  of  the  C-onne.  ticut  River  B.isir.  is  e\pi  . •.  r.  _ 

< reasi'  .ipproxim.ite  ly  86%  during  the  (.0-',e,ir  projei  tion  :■  rn  ! • .t 

lot.il  of  slightly  over  three  million  in  tie  ye.ir  dOdO.  I’op.l.tn.i  pr'  - 
Jections  for  the  Connew  ticut  River  Basil.  ,ire  b.ised  oi  int  r’-  ti.e 
developed  by  tlu'  Offiv  e of  Business  Economi<  s lor  th.e  rt*  \t;.!t  to 
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POPULATION  1950  - 1960 
IN  SELECTED  BASIN  COUNTIES 


County 

1950 

1960 

Change 

Percent  Cha: 

New  Hampshire 


Coos 

35, 932 

37, 140 

1,208 

+ 

3.  4 

Grafton 

47, 923 

48, 857 

934 

+ 

2.  0 

Sullivan 

26,  441 

28, 067 

1, 62  6 

+ 

fa.  1 

Cheshire 

38, 811 

43,  342 

4,  531 

+ 

11.7 

Ve  rmont 

E s sex 

6,  257 

6,  083 

-174 

* 

2.  8 

Caledonia 

24, 049 

22, 786 

-1,263 

- 

5.  2 

Orange 

17, 027 

16, 014 

-1,013 

- 

6.  0 

Windsor 

40, 885 

42,483 

+1, 598 

3.  9 

Windham 

28, 749 

29, 776 

+1, 027 

4- 

3.  6 

Mas  sachu  setts 

F ranklin 

52, 747 

54, 864 

2,117 

4 

4.  0 

Hampshire 

87, 594 

103, 229 

15,635 

+ 

17.  8 

Hamden 

367, 791 

429, 353 

61,  382 

16.  7 

Connec  ticut 

Hartford 

539, b61 

689, 555 

149, 8^4 

4- 

27.  8 

Middle  sex 

67,  332 

88,865 

21,  533 

+ 

31.9 

kAs 


ft 


Regional  Resources  Study.  Adaptations  were  made  of  these  figures 
so  that  they  might  be  representative  of  the  number  of  persons  re- 
siding within  the  Connecticut  River  Basin  tributary  area  without 
regard  to  political  boundaries.  More  detailed  information  on  popu- 
lation projections  will  be  found  in  Appendix  P of  this  report,  how- 
ever, Table!  9 and  10  show  population  break-downs  by  sub-basin 
and  by  State  respectively,  while  Figure  6 illustrates  the  basin 
population  projections  as  they  relate  to  New  England  and  the  nation. 

2.  Personal  Income 


Total  personal  income  in  the  basin  is  expected  to  rise  over  ten 
fold  by  the  end  of  the  projection  period  2020.  As  noted  previously, 
over  this  same  period  the  population  is  expected  to  nearly  double 
so  that  per  capita  personal  income  would  rise  over  five  fold.  Fig- 
ure 7 shows  the  rise  in  personal  income  and  per  capita  income  as 
compared  to  population.  Table  11  shows  the  personal  income  by 
respective  sub-basin  areas  and  Table  12  shows  the  personal  in- 
come projections  by  State. 

Public  Attitudes 

The  trend  toward  more  leisure  time  and  higher  per  capita  in- 
come has  resulted  in  a pronounced  change  in  public  attitudes  and 
interests  towards  water  and  related  land  resources.  Recreation- 
related  services  stand  out  as  amon-g  the  most  important  growing  in- 
dustries. Through  contacts  with  organizations  and  private  groups 
as  well  as  views  received  at  formal  meetings  and  public  hearings, 
certain  opinions  and  preferences  become  apparent.  An  examination 
of  correspondence  and  testimony  received  at  hearings  and  meetings 
further  confirms  these  preferences. 

The  most  pressing  concern  seems  to  be  for  a higher  water  qual- 
ity. Most  people  feel  that  the  control  of  pollution  is  not  progressing 
fast  enough.  Also  there  is  a very  evident  concern  for  the  environ- 
ment and  more  awareness  of  the  effects  brought  about  by  our  rapidly 
changing  way  of  life.  People  are  more  concerned  uith  such  factors 
as  population  pressures,  open  spaces,  pollution  of  air,  land,  and 
water,  need  for  restoration,  and  enhancement  of  natural  resources 
than  they  have  been  in  the  past. 

There  is  a sincere  desire  to  satisfy  regional  vater  resource 
needs;  however,  there  is  a natural  reluctance  to  share  local  re- 
sources with  people  of  other  areas,  regions,  or  States.  This  is 
often  evident  for  example,  in  the  unwillingness  to  give  up  lands 
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TABLE  9 


PROJECTIONS  FOR  REFERENCE  SUBDIVISIONS 
CONNECTICUT  RIVER  BASIN 
POPULATION  & HOUSEHOLDS  (1,000's) 


CRB 

1960 

1980 

2000 

2020 

I 

Population 

30 

33 

35 

3Q 

Urban 

3 

9 

13 

19 

Rural 

27 

24 

22 

20 

Households 

9 

9 

10 

1 1 

11 

Population 

38 

38 

43 

50 

Urban 

6 

7 

10 

1 1 

Rural 

32 

31 

33 

3Q 

Households 

1 1 

11 

12 

15 

III 

Population 

86 

94 

102 

124 

Urban 

49 

58 

66 

81 

Rural 

37 

36 

36 

43 

Households 

27 

29 

32 

38 

IV 

Population 

74 

87 

109 

122 

Urban 

25 

39 

55 

65 

Rural 

49 

48 

54 

57 

Households 

22 

26 

32 

37 

V 

Population 

662 

777 

899 

1 1 32 

U rban 

505 

623 

746 

974 

Rural 

157 

154 

153 

158 

Households 

195 

229 

2 64 

343 

VI 

Population 

790 

971 

1212 

1 64  3 

Urban 

612 

786 

1030 

144U 

Rural 

178 

185 

182 

1U4 

Households 

235 

286 

357 

4*^8 

TOTALS 

POPULATION 

1680 

2000 

2400 

3110 

URBAN 

1200 

1522 

1920 

RURAL 

480 

478 

480 

81  1 

HOUSEHOLDS 

499 

590 

707 

^4  2 
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TABLE  10 


PROJECTIONS  FOR  REFERENCE  SUBDIVISIONS 
CONNECTICUT  RIVER  BASIN 
POPULATION  & HOUSEHOLDS  BY  STATE  (1,000's) 


State 

1960 

1980 

2000 

2020 

N.  H. 

Population 

116 

127 

4 

1 37 

1 n 1 

U rban 

52 

67 

79 

100 

Rural 

64 

60 

58 

nl 

Households 

36 

38 

42 

49 

VT. 

Population 

112 

125 

152 

172 

U rban 

31 

4 6 

65 

7 b 

Rural 

81 

79 

87 

4o 

Households 

33 

37 

44 

52 

MASS. 

Population 

662 

777 

899 

1132 

U rban 

505 

62  3 

746 

474 

Rural 

157 

154 

153 

158 

Households 

195 

229 

264 

343 

CONN. 

Population 

790 

971 

1212 

164  3 

U rban 

612 

786 

1030 

1444 

Rural 

178 

185 

182 

194 

Households 

235 

286 

357 

498 

CRB  TOTALS 

Population 

1680 

2000 

2400 

3110 

U rban 

1200 

1522 

1920 

2544 

Rural 

480 

478 

480 

51  1 

Households 

449 

540 

707 

442 
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BASINS 
SHARE  OF 
N.  ENG. 
POPULATION 


BASIN'S 
SHARE  OF 
NATION'S 
POPULATION 


BASIN'S 

TOTAL 

POPULATION 


TOT.  PERS.  INCOME 
PER  CAP.  INCOME 
POPULATION 


1963 


PERSONAL  INCOME 


f : bURl  7 


TABLE  11 


PROJECTIONS  FOR  REFERENCE  SUBDIVISIONS 
CONNECTICUT  RIVER  BASIN 
PERSONAL  INCOME 


(1) 


CRB 

1960 

1980 

2000 

2020 

(2) 

I 

PI  (3) 

54.  8 

116.  8 

226.  2 

467.  3 

P/C 

1828 

3540 

646.  2 

11982 

II 

PI 

69.  5 

134.  5 

277.  9 

599.  1 

P/C 

1828 

3540 

6462 

11982 

III 

PI 

157.  2 

332.  8 

659.  1 

1485. 8 

P/C 

1828 

3540 

6462 

11982 

IV 

PI 

135.  3 

308.  0 

704.  4 

1461.  8 

P/C 

1828 

3540 

6462 

11982 

V 

PI 

1696.  0 

3534. 6 

6847. 7 

14777.  1 

P/C 

2562 

4549 

7617 

1 3054 

VI 

PI 

2024.  0 

4417. 1 

9231.  8 

21447. 7 

P/C 

2562 

4549 

7617 

13054 

TOTAL  PI 

4136.  8 

8843.  8 

17947 

40238.  8 

(1)  Figures  for  I960  were  obtained  from  an  interpolation  of  P/C 
figures  supplied  for  1959  and  1962. 

(2)  PI;  Total  Personal  Income  in  millions  (1958  dollars). 

(3)  P/C;Per  Capita  Personal  Income  in  dollars  ( 1958  dollars). 
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TABLE  12 

PROJECTIONS  FOR  REFERENCE  SUBDIVISIONS 
CONNECTICUT  RIVER  BASIN 

PERSONAL  INCOME  BY  STATE 


(1) 


STATE 

1960 

1980 

2000 

2 02  0 

N.  H. 

(2) 

PI 

212,  0 

449.  6 

885.  3 

1953.  1 

VT. 

PI 

204.  8 

442.  5 

982.  3 

2060.  P 

MASS. 

PI 

1696.  0 

3534. 6 

6847. 7 

14777. 1 

CONN. 

PI 

2024. 0 

4417.  1 

9231.  8 

21447.  7 

TOTAL 

PI 

4136.  8 

8843.  7 

17947. 0 

40238.  8 

(1)  Figures  for  I960  are  based  on  an  interpolation  between 
data  supplied  for  1959  and  1962. 

(2)  P.  I.  ; Total  Personal  Income  in  Millions  (1958  Dollars). 
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for  recreation,  water  supply,  and  particularly  for  flood  control  to 
protect  downstream  development  which  many  people  feel  is  unv\isely 
permitted  to  occur  in  the  flood  plain. 

Individuals  throughout  the  basin  are  not  s'.'m.patl-.etic  toward 
the  public  acquisition  of  land  and  the  development  of  water  re- 
sources as  regional  or  national  recreation  attractions.  This  pub- 
lic sentiment  is  ^rvie  regardless  of  political  or  physical  boundaries 
and  this  condition  long  realized,  in  the  Corps'  water  resources 
program,  is  now  evident  with  regard  to  the  Bureau  of  Outdoor 
Recreation's  recommended  National  Recreation  Area. 

People  are  also  always  sympathetic  toward  building  water 
bodies  o"  pro\iding  land  to  satisfy  the  needs  for  out-of-State 
recreators.  Much  of  the  privately-owned  basin  land  is  posted 
against  hunting,  fishing  or  trespassing  because  the  landowner 
does  not  feel  he  has  sufficient  control  over  the  actions  of  tran- 
sient users  with  respect  to  fires,  indiscriminate  cutting  or  litter- 
ing of  trash. 

There  is  an  apparent  misunderstanding  of  the  concept  of  the 
national  recreation  area  plan  of  the  Bureau  of  Outdoor  Recreation 
pa  rticul.i  rlv  in  the  northern  States.  There  is  a belief  that  lands 
will  he  taken  awav  to  provide  a pLice  to  plai’-  for  out-of-St. ite  rs. 

Farmers  upst.itc  belie\e  that  since  they  have  done  the  job  all  these 
ye.ars  in  keeping  their  natural  environment,  they  do  not  net-d  St.ite 
or  Feder.il  help  at  this  time. 

Concerning  water  supply,  there  is  a demonstrated  provincial 
ittitudi'.  M.inv  v.ille-,  ri'sidents  .ire  opposed  to  di\i'rsions  of  wat.  r 
oat  of  th.e  basin  to  ne.  i ilemands  of  the  met  ropol it.in  I'oston  ,irea. 

Although  thes«'  di\i’rsions  have  been  demonst  r.iterl  to  b”  small,  ] 

lert.iin  interests  lontim.e  to  opposi'  the  divc'*si('n  n-.l  i .--('trie  in- 

st.lnees,  <’\.i  gge  r,i  I e tlie  e on  seq  uenee  s . j 

On  the  I'liestion  i if  e h' i t r i ea  1 energv  tueds,  th.e  re  vein  stroi.g  jj 

objei’tions  to  tin’  e\p,uision  of  both  nui  le.ir  tuel  ami  fossi!  1 le  1 ther-  -I 

m.il  plants.  People  do  rot  :-een  to  realize  the  trememln’.s  ie\eIop- 

ment  of  power  supph.  th.it  '■  11  be  necess..r,-  'o  me«'t  tl  " expunicl  (j  - | 

m.inds  of  ,m  e\p.u;'led  popul.ation  using  .nore  eleetrie.tl  ■ cinipment. 

Thev  ,i!so  sei-m  to  h.  i\e  forgotten  rm  ent  shor'age  '<  ige  re.iu.  - 

t i<  'll  s . 


B,  ECONOMIC  TRENDS 


1.  General 

The  Connecticut  River  Basin  is  characterized  by  a stable  pros- 
perous econoTT^y.  The  States  of  the  Upper  Basin,  Vermont  and  New 
Lmpshire,  were  originally  oriented  towards  agriculture  and  lumb  r- 
inK  In  more  recent  times,  these  two  States  have  grown  rapidly  m 
the  recrt  .tion,  tourism,  and  va  ation  industry  while  Connecticut  and 
Massachusetts,  starting  with  ea  ’ .industrial  development,  have 
made  great  strides  in  the  man  uring  sector. 


The  economy  of  the  basin  is  based  on  a diverse  mixture  of 
manufacturing  trade,  finance,  agriculture,  and  tourism  vi  th  highe  r 
education  also  being  an  important  factor.  As  noted  earlier,  the 
basin  is  expected  to  shift  from  a manufacturing  to  a non-manufacturing 
emphasis.  Figure  8 illustrates  the  shift  in  basin  employment  from 
manufacturing  to  non-manufacturing  areas.  This  changing  character- 
istic of  the  basin's  economy  is  documented  by  manufacturing  and  non- 
manufacturing employment  statistics  and  projections.  Although  the 
area  economy  remains  more  dependent  on  manufacturing  thar  does 
the  economy  of  the  nation,  this  sector  is  declining  and  is  projected 
to  further  decline  relative  to  the  non-manufacturing  sector  in  impor- 
tance as  the  source  of  employment  in  the  basin.  Employment  in  the 
region's  manufacturing  industry  had,  by  I960,  declined  to  40%  of  the 
area's  total  labor  force.  It  is  expected  to  further  decline  to  33%  by 
1980  and  24%  by  the  year  2020.  Manufacturing  or  traditional  indus- 
trial activity,  however,  is  still  projected  to  be  of  greater  importance 
to  the  regional  economy  than  it  is  to  the  national  economy  and  ap- 
pears to  be  in  a potentially  strong  position  for  the  future  as  indicated 
in  Appendix  B of  this  report.  Economic  production  per  employee  is 
expected  to  dramatically  increase  during  the  projection  period,  as 
depicted  in  Figure  9 . This  will,  in  great  part,  be  a result  of  the 

changing  mix  of  manufacturing  industries  and  the  labor  intensive  to 
the  capital  intensive. 


One  significant  effect  of  the  projected  basin  population  and  the 
expected  rise  in  personal  income  is  the  present  and  future  impact 
of  recreation  expenditures  in  terms  of  income  originated  and  its 
equivalent  in  employment.  This  is  particularly  true  in  the  upper 
valley,  an  area  which  is  well  known  for  its  summer  and  u inter  r.u  - 
reation.  This  area  has  already  a high  percentage  of  emplovment 
accounted  for  by  the  service  sector  and  this  reveals  the  importam  e 
of  recreation  related  activity  in  this  region.  For  example,  in  the 
counties  of  Grafton  and  Coos,  New  Hampshire  bl  o of  the  total  em- 
ployment in  1960,  as  indicated  by  table  shown  in  Appendix  R.  was 
accounted  for  by  the  service  sector  and  this  figure  is  expected  to 
rise  to  74%  by  the  year  2020.  Recreation  related  aetivifv  is  also 
important  to  the  Vermont  portion  of  the  basin. 
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FIGURE  9 


EMPLOYEE 


il . Agriculture  and  Forestry 

Agriculture  in  the  basin  is  closely  related  to  nearby  urban  mar- 
kets. Most  of  the  production  of  the  basin  farms  goes  directly  to  the 
New  England  industrial  cities  in  the  form  of  dairy,  poultry  products, 
and  vegetables.  Milk  is  the  principal  dairy  product,  and  dairying  is 
the  leading  money  product.  According  to  the  1964  agricultural  sta- 
tistics, 39%  of  the  farms  in  the  Connecticut  River  Basin  are  dairv 
farms,  8%  are  poultry  and  livestock  farms,  5%  are  crop-producing, 
and  48%  are  miscellaneous  or  unclassified.  In  the  latter  category, 
the  majority  are  part-time  farmers  whose  personal  income  is  di  - 
rived  from  urban  employment  or  by  others  who  maintain  countrv 
residences  or  keep  the  land  primarily  for  recreation  purposes. 

Agriculture  in  the  Connecticut  River  Basin  is  undergoing  a 
steady  decrease  in  total  employment,  which  is  in  part  attributed  to 
increasing  urbanization.  With  the  encroachment  from  metropolitan 
areas,  especially  prominent  in  lower  parts  of  the  basin,  agriculture 
will  become  oriented  toward  production  of  commodities  that  do  not 
necessitate  heav’y  land  requirements.  Declines  in  the  potato  and  to- 
bacco industries  are  projected  to  continue  while  an  overall  increase 
in  the  dairy  industry  and  vegetable  output  for  fresh  market  is  ex- 
pected, Table  13  shows  the  distribution  of  farm  types  by  sub-basin 
area. 


TABLE  13 


Percent 

Refe  rence 
Subdivision 

Dairy 

Othe  r 
Live  stock 
& Poultry 

Field 
C rops 

Miscellaneous 
&;  I'nclassiiied 

CRB  I 

46 

6 

3 

45 

CRB  II 

60 

5 

1 

54 

CRB  III 

lb 

10 

0 

04 

CRB  IV 

40 

9 

3 

48 

CRB  V 

33 

8 

10 

sO 

CRB  VI 

H 

10 

8 

4-v 

Basin 

Ave  rage 

59 

8 

8 

48 

The  major  li\-estock  enterprise  is  d.iirying  which  is  projected  to  expand 
most  in  the  upper  part  of  the  basin  where  resources  will  he  more  avail- 
able. Improvements  in  management  and  technology  will  permit  greati-r 
output  in  the  future  from  less  land.  Land  use  for  dairying  prai  tn  e has 
declined  in  recent  years  and  is  forecast  to  decline  anotlu'r  48%  in  the 
valley  by  1980.  The  present  and  projected  milk  production  bv  suli- 
basin  area  is  shown  in  Table  14. 


TABLE  14 


MILK  PRODUCTION 


Year 


Reference 

Subdivision 

19o0 

1980 

(in  millions 

2000 

cf  pounds) 

2020 

CRB  1 

86 

1 14 

143 

187 

CRB  II 

265 

347 

440 

574 

CRB  111 

81 

106 

132 

173 

CRB  IV 

209 

2 62 

315 

390 

CRB  V 

273 

281 

287 

298 

CRB  VI 

219 

230 

243 

275 

Basin 

Total 

1,133 

1,  340 

1,  560 

1, 897 

The  major  crop  enterprises  of  basin  farms  are  hay-production  v.hich 

requires  80%  of  the  harvested  crop  land,  silage  corn,  tobacco,  fresh 
market  vegetables,  fruit,  and  potatoes.  The  production  of  vegetables 
for  fresh  produce  markets  is  projected  to  increase  substantially  in 
the  basin.  The  area  production  of  this  item  as  well  as  the  commer- 
cial production  of  apples  is  expected  to  expand  more  in  the  upper 
part  of  the  basin,  however,  due  to  urban  land  pressures  in  the  lover 
parts  of  the  basin  tobacco  is  expected  to  go  out  of  production  some- 
time after  1980  depending  on  institutional,  political,  and  technologi- 
cal factors  associated  vith  the  industry. 

Management  of  poultry  will  probably  permit  greater  output  in 
future  years.  Basin-vido  poultry  production  is  second  to  dairy 
production.  Egg  production  is  expected  to  decrease  slightly  in  up- 
per portions  of  the  basin  and  increase  in  the  southern  portion  re- 
sulting in  an  overall  increase  of  37%  by  the  year  2020.  The  annual 
agricultural  employment  (including  agriculture  related  activity)  of 
41,  350  in  1950  is  expected  to  decline  to  about  38,000  by  U\e  year 
2020.  This  is  indicated  in  Figure  8. 

The  forest  industry  represents  an  important  segment  of  the 
basin's  economy.  In  1966  preliminary  and  secondary  forest-based 
industry  employed  30,800  people  with  a total  earnings  of  $153  mil- 
lion. In  1963  the  value  added  in  manufacturing  forest  production 
totalled  some  $280  million. 

Employment  is  expected  to  exceed  37,000  bv  the  year  2020.  \ 

decline  is  expected  in  employment  within  the  lumber  related  group; 
however,  substantial  increases  are  expected  in  th(’  \\  oocl  using 
furniture  industry'  and  the  paper  and  allierl  products  grimp. 
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3 . Manufacturing 

Manufacturing  developed  on  the  lower  portion  of  the  Connecticut 
River  Basin  as  the  water  power  of  the  small  tributary  streams  was 
utilized.  Development  of  the  larger  tributaries  followed,  notably  in 
the  lower  Farmington  River  and  in  the  Westfield.  Chicopee,  Millers, 
and  Deerfield  Rivers.  Developments  in  the  upper  regions  of  the 
valleys,  which  never  attained  the  intensity  of  the  industrial  and  com- 
mercial concentrations  of  the  lower  river,  came  much  later.  Prin- 
cipal streams  in  the  upper  valley  from  the  manufacturing  viewpoint 
were  the  Ashuelot,  Sugar,  Passumpsic,  and  the  Black  Rivers. 

Employment  in  the  metal  working  trades  represent  of  the 
manufacturing  employment  in  Massachusetts  and  Connecticut  por- 
tions of  the  basin  and  over  one-third  of  all  manufacturing  employ- 
ment in  the  upper  valley.  Personal  income  derived  from  manufac- 
turing was  the  largest  element  in  the  basin's  per  capita  income 
which  was  5.  8%  above  the  national  average  in  1959.  Value  of  pro- 
duct added  by  the  basin's  industrial  complex  exceeded  $2,  5 billion 
in  1963  and  was  growing  at  an  annual  rate  of  3 1/2%.  While  the  bulk 
rate  of  the  produce  was  concentrated  in  the  two  southern  States,  es- 
pecially Connecticut,  v’alue  added  exceeded  $200  million  in  the  States 
of  the  Upper  and  Middle  Basin. 

4 , Services 

Service  in  the  basin  is  following  the  national  pattern  of  growing 
with  the  prosperity  of  the  region.  Receipts  from  selected  services 
amounted  to  $319  million  in  1963  and  the  growth  rate  of  receipts 
measured  in  constant  1958  dollars  has  been  in  excess  of  8.  8%  annu- 
ally for  the  previous  seven  years  and  the  rate  is  accelerating.  Em- 
ployment in  services  in  1^63  totalled  27,  000. 

Recreation  and  tourism  contribute  significantly  to  tlic  basin's 
economy.  The  natural  resources  available  for  recreational  oppor- 
tunities are  many  and  varied  such  as  swimming,  boating,  camping, 
fishing,  hunting,  hiking,  mountain  climbing  and  nature  studies.  Both 
public  and  private  recreation  areas  have  been  developed  to  provide 
outdoor  recreation  and  have  potential  for  further  development.  There 
are  portions  of  2 national  forests,  some  58  State  parks,  47  St.it>'  for- 
ests, and  12  Federal  reservoirs  in  the  basin  area.  There  are  .ilso 
65  private  camping  grounds.  The  total  area  is  some  5 10,000  acres 
of  which  over  two-thirds  is  in  Vermont  and  New  Hampshire.  Tot.il 
expenditures  on  tourism  and  recreation  in  1067  amounted  to  over 
$115  million  for  the  entire  basin. 
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Higher  education  is  also  an  increasingly  important  element  in  the 
valley  s economy.  All  four  basm  States  boast  schools  of  higher  learn- 
ing, and  colleges  of  national  reputation.  This  contributes  to  the 
region's  capacility  in  providing  highly  skilled  professional  people. 


Future  Economy 


The  economy  of  the  basin  will  continue  to  expand  and  prosper 
within  the  study  period  through  the  year  ZOZO.  The  region  will  main- 
tain its  position  as  an  important  force  in  both  the  New  England  and 
national  economy.  It  will  continue  to  export  valuable  services  and 
manufactured  goods.  It  is  inevitable,  of  course,  that  changes  will 
occur  within  the  various  sectors  and  will  influence  the  growth  of 
the  region.  Human  dynamics  especially  population,  urbanization, 
employment,  personal  income,  and  the  nature  and  composition  of 
the  industrial  and  business  economy  will  be  of  special  importance 
to  the  water  resources  needs  and  problems  of  the  future.  As  p<jpu- 
lation,  income,  and  general  recreational  and  economical  activitv 
expand,  so  will  the  demand  for  a voider  range  of  public  and  private 
uses  of  water  resources. 


C.  TECHNOLOGICAL  CHANGES 


1.  Improvements  to  Transportation 


The  region  as  well  as  the  nation  has  undergone  dramatic  changes 
in  the  area  of  transportation  in  recent  years.  An  improved  highway 
transportation  system  has  made  the  population  of  the  region  much 
more  mobile  and  has  opened  up  areas  of  the  basin  which  were  largely 
uadev'eloped  in  the  past.  The  recently  constructed  highv'.av  systt  m 
v.ith  1-95,  1-81,  I-'^O,  and  1-89  crossing  the  basin  have  reduced  com- 
muting times  so  that  greater  areas  of  the  basin  are  within  reach  of 
the  urban  complexes. 


Of  the  highways  mentioned,  I-9h  and  1-90  are  presently  com- 
pleted ind  only  a small  gap  exists  in  1-84.  Interstate-91  is  com- 
pleted in  Connecticut  tind  has  one  ten-mile  segment  missing  in 
Massachusc-tts.  It  is  open  to  traffic  in  Vermont  from  tlie  Ma.ssaihu- 
setts  border  to  White  River  Junction  where  it  intersects  I-H‘t.  When 
the  system  is  totally  completc'd,  there  will  probably  be  an  t'ven 
greater  demand  ext'rted  on  the  recreational  and  outdoor  resources 
of  the  Upp<T  Basin.  This  pritnary  system  of  highways  is  supporterl 
by  a secondary  system  whit  h varies  frotn  excellent  in  the  north  to 
good  in  the  south  b.ased  on  the  highway's  ability  to  h. indie  tlu'  tr  iffu 
load  prt'ssure. 
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Coupled  with  the  natural  attractiveness  of  tlie  Coi'.necticut  River 
Basin,  the  improved  or  greater  accessibility-  to  n-.ajor  population 
centers  explains  the  current  expansion  and  recreation  tourism  and 
vacation  industries  in  the  upper  basin.  A prime  example  is  the  ac- 
cessibility of  the  Upper  Basin  for  winter  rec  reation- related  activity. 
Even  now,  while  the  entire  interstate  system  is  incomplete,  two  or 
three  hours  travelling  time  has  already  been  cut  from  the  commuting 
time  from  the  southern  New  England  and  New  York  metropolitan  area 
to  the  upper  basin  ski  slopes. 

2.  Mechanisation  and  Automation 

Changes  in  technology  due  to  mechanization  and  automation  have 
brought  about  significant  changes  in  both  the  demand  for  water  and 
the  supply  of  water.  On  the  demand  side,  there  have  beer  increases 
in  irrigation  use  of  water  both  due  to  commercial  use  and  domestic- 
use  as  for  lawns  and  gardens.  Water  quality  in  the  basin  has  suf- 
fered due  to  the  use  of  more  exotic  pesticides  for  agriculture  as  well 
as  the  increased  use  of  chemicals  for  industrial  use. 

Probably  the  largest  changes  have  been  in  the  increased  power 
demands  due  to  air-conditioning  and  the  increased  use  of  appliances. 
On  the  supply  side  of  the  ledger,  improvements  in  technolog-.-  have 
brought  about  reductions  in  the  adverse  effects  of  the  use  of  water. 
Prime  examples  are  recycling  of  cooling  water  and  industrial  pro- 
cess water.  Cooling  towers  for  instance  which  recycle  the  same 
water  through  their  cooling  system  are  a tremendous  impro\-emer.t 
over  the  traditional  once-through  type  of  cooling  svstem  whic  h passes 
river  water  through  tlie  plant  and  discharges  it  downstre-am  not  to  be 
used  again.  The  use  of  cooling  towers  by  the  V'ernon  Plant  will  go  a 
long  way  towards  preventing  an  increase  in  river  tc'mpe  ratures  due 
to  use  of  the  river  water  for  cooling  during  the  summer  mor.ths. 

In  the  field  of  water  supply,  several  methc'ds  have  be'en  use-din 
recent  years  which  will  conserve  on  the  amount  of  water  resourc  es 
available  for  water  supply.  A technique  that  is  used  right  now  is  that 
of  flood  skimming  whereby  water  during  the  flood  irc-shet  periods  of 
the  spring  is  skimmed  off  and  diverted  into  tlie  water  supi  s\  stc-m. 
Normally,  this  w.iter  is  carried  dow-n  the  m.'iin  stem  of  tin-  strc-.im 
all  the  way  low;,  to  tin-  Long  Island  Sound  and  is  not  .ivailable  tor  use 
hy  anvone.  Flood  skimming  presents  a tecrhiiiciue  by  which  tins  w.ifer 
can  be  usecl  r. ether  th.in  just  discharged  to  the  ocean  and  w.isti-d. 
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F’or  the'  future',  ther-rt-  arc  at  least  two  ‘e.  hr.iques  w-.uh  ho!  ; 
promise*  for  mee*ting  future  water  suppiv  needs.  One'  is  de-'-alina - 
tion  which  is  use'-i  in  arid  portions  of  the  world  but,  as  of  now.  is 
uneconomical  in  this  section  of  the  country.  The  second  is  the 
technique  of  cloud  sec'dint;  or  rainfall  control  to  increase  precipi- 
tation over  watershed  areas  which  contribute  to  water  supply  res- 
ervoirs, thus  increasing  system  yield  by  10  to  20"!,.  Research  is 
currently  underway  by  several  different  agencies  and  firms  to  per- 
fect this  technique  . 

In  the  area  of  recreation,  breakthroughs  in  pollution  abaten.ent 
will  permit  greater  use  of  existing  resources  which  are  not  available 
today  because  of  poor  water  quality.  An  example  of  this  ntighl  be 
the  development  of  offstream  swimming  pools  which  might  use  l econ- 
ditioned  water  from  streams  which  are  presently  of  deficient  water 
quality  but  where  it  is  uneconomical  to  treat  all  of  the  water  in  the 
St  ream  . 

The  great  demands  that  are  expected  to  be  exerted  in  the-  futurt- 
on  tlie  fish  and  wildlife  resources  may  result  in  research  into  methods 
of  permitting  the  existing  resources  to  meet  greater  pressures.  This 
will  probably  result  in  improved  stocking  of  fish  waters  for  both  resi- 
dent and  anadromous  species.  There  will  probably  be  trc'nds  towards 
management  of  hunting  preserves  by  private  and  possibly  public  in- 
terests with  an  emphasis  on  providing  upland  game  hunting  opportunity, 
ity . 

The  one  water  resource  area  which  is  undergoing  the  most  tei  h- 
nological  change  at  the  current  time  is  that  of  pollution  abat en'.c'nr  . 
Treatment  methods  v'ielding  higher  removal  of  pollutants  than  is 
afforded  by  secondary  treatment  methods  have  been  in  devc-loprmni 
stages  during  the  recent  years  anci , therefore,  furnish  an  adciitic'nal 
potential  to  meet  future-  water  quality  demands.  These  newer  methods 
tc'rmecl  advanced  waste  treatment  consist  of  methods  in  <i  manni-r  not 
usually  practiced,  'rc  ludc-d  in  the  spectrum  of  waste  lrc*atmert  methods 
are  those  of  foam  separation,  adsorjition  , electrodialvs  is  . and  e\.ipor- 
ation  as  Well  as  older  methods  such  as  coagulation,  s ed  irnenta  * ion  . in- 
filtration employed  after  secondary  treatment.  These'  arlvanced  w.tstc 
treatment  nu'thods  are  capable  of  removing  a wide  range  of  poll  itants 
including  nutrients,  inorganic  salts  and  non-bio-degraciablc-  n.atc  ria!  . 
I'ht'Si'  arc'  dc'Scribeci  in  detail  in  Appendi.xD  of  this  rc'port. 

For  the  mimediatc'  f'liurc  it  is  probably  that  advanci'd  frc-atnic-nt 
mc'thods  would  be-  applic'd  to  secondary  trc-ati'd  effl  ic-nts.  foncc'iv- 
ably,  howc'vt'r,  prc'sent  i onve-nt  icmal  processes  may  be-  clisnhuc'd 
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from  primary  processes  directly  to  advanced  processes  utilizing 
physical-chemical  methods,  thereby  omitting  the  secondary  treat- 
ment phase  and  effecting  overall  cost  reductions. 

Applications  of  advanced  waste  treatment  methods  have,  in  the 
past,  been  lin.ited.  Developments,  largely  supported  by  Federal 
grants,  have  been  stimulated  by  realistic  experiments  which  have 
demonstrated  tiev\  and  improved  techniques  of  pollution  control. 
Demonstratiotis  of  improved  technology  currently  in  progress  are 
aimed  at  determining  fron.  operational-scale  examples  the  effect- 
iveness, reli.ibility  and  the  costs  of  a number  of  advanced  treatment 
processes,  they  serve  as  practical  operational-scale  examples  to 
other  users.  ,\s  the  problems  resulting  from  pollution  continue  to 
grow  and  the  effectiveness  of  new  methods  are  demonstrated,  the 
broad  applicatioi!  by  municipalities  and  industries  of  those  methods 
which  prove  successful  'ill  become  more  conmmn, 

.<-\t  present,  the  cost  of  advanced  treatme:  t pr  iccsses  is  rela- 
tively h.ich  ,ts  lompared  with  the  cost  of  serondar.  treatment,  h; 
gener.'il  terms,  estimates  indicate  that  the  cost  of  .idvanced  tre.it- 
rnent  would  be  cm  the  order  of  two  times  the  cost  of  secondar  .-  tre.it- 
ment  alone.  Future  refinement  of  some  met!  od.-  .uid  teirhnological 
inno\-,'itions  may  effect  cost  reductions. 

For  flood  control  there  are  uo  reallv  new  in.provements  ir,  teeh- 
nologv  .although  there  are  approaches  "hich  are  new  ,it  le.ist  in  their 
emphasis.  These  irc  .ipproaches  which  concT,.  themsel'.es  with 
nun-structural  measures  such  as  flood  pl.iin  .•a>>'.ing,  Hood  proofinc, 
llood  w.arr.ing,  evacuation,  flood  insur.ii.ee,  and  in  gencr.al,  land 
manapement  in  flood  plain  ureas.  Thesi'  might  be  better  classified 
as  improvemiuits  in  concept  or  changes  in  com'ept  whereb\  flood 
plains  c.in  be  si-t  aside  either  by  zoning  or  by  .u  ti-iisition  so  that 
they  are  used  not  onh,  to  a lie  viate  flood  dam.ige;  bi.t  .tlsu  to  pro\  ide 
land  for  purposes  such  .as  recreation,  .icicss  to  iishing,  .ind  ooen 
sp.ace . 

The  most  significant  innoy.itiot  n.  New  Ei.gl.ind  flood  control 
oper.itions  is  the  rc'centlv  established  Ri'serv  oir  Control  Cei.ter  .it 
the  New  Engl.ind  Division,  Corps  of  Engineers  offucs  in  U.ilth.im. 
The  center  controls  the  oper.ition  of  I'i  t'orp-  flooil  < lu  trol  d.im.s, 

H loc.il  prolei  fion  projects  uid  •!  hurnc.ane  barriers.  Th.e  i enter 
employ.s  ,in  Autom.atic  Hydrologic  R.idiu  Reporting  Network  whiih  is 
a compute  ri.'.ed  lutwork  of  11  remote  reporting  st.ations  and  h remote 
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recording  stations  in  5 major  Nev.’  England  river  basins.  Hydro- 
logic  data  are  reported  from  index  locatioi*s  on  important  rr.ers 
and  streams  and  in  tidal  streams  for  the  more  timely  au.d  efficient 
operation  of  flood  control  reservoirs  and  hurricane  barriers.  The 
network,  under  computer  programmed  control,  will  imrr^ediatelv 
provide  read-out  information,  which  is  essential  for  flood  reg  ilation, 
to  the  Reservoir  Control  Center  at  Waltnam.  The  hydrologic  net- 
work also  has  the  capability  of  receiving  data  requi-ed  for  operation 
of  other  viater  resource  purposes  such  as  lov.  flov  augmentation, 
recreation,  water  supply,  navigation  and  fisher'  enhancement. 

3.  River  Forecast  and  Warning 


There  are  a number  of  recio  t scientific  ind  tec  h.nological  ad- 
\ances  v.hich  can  be  expected  to  have  a prcfo'ind  impact  on  tl  <•  river 
forecast  and  warning  service.  In  some  cases,  f'lrther  rest.trch 
and  de  \-e  lopment  will  be  requi  red- -in  others  it  is  s.mply  a matter 
of  providing  t*.e  necessary  funds  to  achie-.c  an  impro'.ed  service. 

The  effects  on  the  f ifure  service  of  .idvamed  technology  fall  into 
four  categories--  data  acquisition;  forecast  methods,  meteorolo- 
gical aspects;  and  ilata  processing,  storage  and  retrieval. 

a.  Data  Acquisition 

Data  requirements  ire  dependio  t upon  the  torecast  methods  in 
use  vhicli  must  in  turn  be  geared  to  forecast  r>  qu’ rements.  The 
more  id'.-arn  ed  hvdrologic  models  require  real  time  observations  of 
river  st.ige  (discharge),  precipitation,  snos'.pack  and  frost  character- 
istics, ind  th(>se  mcteorologii  il  ilcnents  influencing  .-mowmelt  and 
e vapotrar.spiration  (i:i  lieu  of  soil  moistu  re) -- r.idi..  tion  , air  temper- 
ture,  h'lmiditv  ami  wind.  S[<ecial  types  of  forecasts  mav  require 
additional  uhse  rvatior.s . e.g.  , predictions  of  ri\cr  ice  (tormation 
and  ^ireakup)  requires  knowledge  of  water  U-mper.iture  .and  ice 
char.'u  tl’ risfics.  The  de\elopmei  t of  imprer-ed  im'ruments  in  the 
future  mav  result  in  a mildest  increase  in  riser  forec.ist  .acc  iracv, 
hut  improM'd  sc  rvice.ibilitv  .uu!  reliabilitv  of  ii.st  r in'cnts  are  per- 
.haps  p"f  ei;  t ial  1 V more  important  with  resp'-ct  to  most  of  the  elenients 
j'>\  olved. 

.•\re.il  aver.iges  'f  p.'*i.'cipit.if  ion  , ’.sati  r lujuivalet  f of  .craiwp.tck, 
fe  mpe  ratii  re , etc.  arc-  recjuircd  in  the  pnparitioi'  iil  forecasts  .ind 
obt  'iiung  represi’t.t.iti' '•  point  samples  ot  some  clr-nr  ,ts  has  .ilwas  s 
presenteil  seriou.s  problems.  The  I’ost  of  suffli  lent  samples  to  pro- 
\ ide  aci  ;rite  .i  ri  li  v tines  will  likel\-  contin.e  to  be  nr  oli  lb  1 1 1 ve . The 
o'ltlook  for  improvement  in  forec  ast  aocur  lev  through  remote  sen- 
sit:g  of  r>’pri'se;  t.iticc  are.il  avc-r.igi  s of  sever. il  in. port  t-.t  eleu  cu  ts 
IS  c Oli  s idi’ r<-d  to  ne  \ c r . great. 
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Ra  'ar  has  proven  eflective  fur  flash  flood  v.arnings,  but  appli- 
cation in  a quantitative  sense  is  yet  to  be  achie\ed.  The  intensity 
of  radar  echo  return  is  largely  a function  of  precipitation  intensity, 
and  the  time  integration  of  the  scope  usually  yields  a reasonably 
good  pattern  of  storm  precipitation.  The  scope  brightii.ess  for  a 
given  precipitation  intensity  depends,  however,  ,upon  a number  of 
other  factors  as  well.  It  is  likely  that  techniques  will  be  found  to 
minimize  these  extraneous  effects,  but  automatic  .integration  and 
digitizing  of  the  radar  return  taking  all  these  factors  into  account 
is  not  yet  a reality.  Present  and  planned  research  is  accordingly 
directed  toward  the  use  of  point  measurements  to  adjust  the  pre- 
cipitation derived  from  integrated  digital  radar  data.  Three  radar 
(two  already  in  opertition  and  the  third  scheduled  for  FY  P'71)  will 
each  partially  co\er  the  Connecticut  River  Basin.  These  radars 
are  of  the  type  (W'SR-57)  which  can  be  modified  to  produce  digitized, 
integrated  signal  returns.  Even  wdthout  thi.s  modification,  the  in- 
formation from  tliese  radars  will  be  very  helpful  in  determining  the 
where  and  when  of  precipitatio.il. 

The  record-breaking  Midwest  floods  in  the  spring  ol  lb6Q  once 
again  demonstrated  the  importance  of  snow  pack  evaluation  in  the 
long-range  prediction  of  snowmelt  floods.  Under  adverse  conditions, 
such  as  excessive  drifting,  it  is  \irtually  inipossible  to  obtain  an 
accurate  estimate  of  the  average  water-equivalent  of  the  snowpack 
over  a catchment  from  point  samples.  The  time  and  cost  of  obtain- 
ing a large  number  of  observations  by  traditional  snow -tube  methods 
are  prohibiti\u‘.  It  now  appears  that  mure  reliable  snowpack  evalu- 
ation can  be  made  with  much  less  effort  by  measuring  tlie  natural 
gamma  radiation  from  the  soil. 

The  Weather  Bureau  is  now  undertaking  research,  to  ec’aluate 
natural  radiation  snowpack  measurement  techniques.  Both  airborne 
and  hand-carried  sensors  are  btung  studied,  largely  through  con- 
tract. There  is  good  reason  for  optimism  reg.irding  future  .ipplica- 
tions  of  these  teiliniques  to  both  river  and  w.iter  suppK  forec.isting. 

The  possibility  of  using  sate  llitc -borne  remote  sensing  tech- 
niques to  determine  the  areal  extent  .ind  other  i lui  ra  c te  r i s t ic  s of 
snow  cover  has  been  under  in\e  stigatioi.  lor  a i. umber  of  ye.irs.  In 
the  event  th.if  future  sensors  pro\ide  ,i  higher  decree  of  resolution 
than  is  now  possible,  the  information  will  • ertait.lv  ue  widely  used 
and  to  good  advantage. 

In  addition  to  the  .ipplication  i itcd  .ibove,  cons  ide  ration  li.is  .il- 
re.'idy  been  given  to  the  possibility  of  cu.tim.iting  the  surf, ice  ten  per- 
.iture,  depth,  v.iter  equic.ilent  .ind  albedo  iT  snow,  the  surf.lce 


K-n  1 


tempt' rai.t  ri'  anti  ice  cnnditioi  s uf  lakes  and  ri'.ers,  soil  moisture, 
depth  of  frost,  and  expanse  of  flooding.  The  Earth  Restcartes  Tech- 
nology S.  tellitcs,  t ) be  launcl'.ed  by  NASA  in  the  next  fe  years  will 
have  multi-spectral  \ isual  and  infrared  sei.sing  cap.iOility,  and  it  is 
expected  tliat  they  will  make  a major  contribution  tt>  the  applications 
of  satellites  in  hydrulogy. 

It  i.s  evident  tl.at  advances  in  remote  sensing  t'  ill  not  fully  sup- 
plant the  need  ftir  conventional  reporting  networks  for  m.iny  yi'ars 
to  come,  and  it  is,  tfierefore,  ipprop  riati'  tv/  consider  f..t.ire  devel- 
opment of  such  networks.  The  river  forei.ist  and  warning  service 
has  traditionall V ri'lied  on  maiiial  obse»-vati(ins  anil  lardline  com- 
munications to  collei  t tt:0  necessary  reports  of  pre.  ipitation,  river 
stage,  etc.  The  sy.'^U'm  is  obviously  outmod(’d  aid  is  being  replaced 
with  one  that  is  fully  automated  as  rapidly  as  the  reejuired  funds  be- 
come av.iilable. 

■Main  b'eileral,  .St.ite,  and  local  agencies  as  well  as  ..tilities 
and  intlustries  tnive  recpiirenients  for  real-time  rep<  rts  .'.hich  .ire 
common  to  those  of  the  river  forecast  and  warning  servdee.  There 
are  now  a number  of  locaii/.ed  c oope  r.i  t i ve  networks  and  arrange- 
ments for  ext'hangi'  of  reports  have  been  made  in  rnanv  'Uses.  It 
is  becoming  apparent  because  of  developing  technolog’y  that  fullv 
coordi.i.iterl  ni'tworks  could  better  meet  the  common  needs  at  less 
tot. 1 1 cost. 


•\n  dit.',  acquisition  system  will  necessarily  require  a ,-ombin- 
aticn  of  l.indlineand  radio  commun  ic.at  ions . R.idio  f recjue'icies  .ivail- 
.ible  for  In.  urologic  dat.i  f ra  t' s m i ss  ion  s are  "line-of-sight  ' and  tlu- 
remote  areas  wht're  radio  communications  .ire  required  .ire  typ- 
ically of  rough  terrain.  ConsequeutK  , si'ores  of  hind  rel.iv  ,st,i- 
tions  would  be  rcf|uired  iu  Ni'W  England  and  most  ol  them  woubi  be 
at  sites  of  difficult  .lei'ess  .md  without  eommer.  i il  p.c.ver. 

The  possibility  of  using  .1  single  geo-svuchroi.ous  satellite  for 
reb'iy  of  reports  cert.iiiilv  merits  con  s ide  r.it  ion  <ind  sueiessful  i x- 
perirnents  have  been  cundiu  ted  along  these  lines  with  tl  e .Applic.i- 
tiofs  Tt'chnology  S.itellites.  The  Envi  ronmi’',t.i  I .Si  iem  i Services 
.'\dmiuist  r,i  tion  .md  the  N.itional  .-\e  ron.iutii  s R/  .Sp.o  .•  .\ilin in  1 st  r.i - 
tion  .ire  .ilso  well  along  in  tlu'  design  <ind  implement. ition.  « f the 
Geost.itiijn.i  ry  Operation.il  Env  i ronini'ntal  Satellite  (GOK.Sl  svsti'm. 

The  NAS;\  program,  re spions ihle  for  devclopnng  the  protolvpe 
sp.n  ei  raft,  IS  tfie  .Snychronous  Meteorologii.il  Safillite  1 IMSI  pro- 
gr.im.  In  addition  to  remote  sensing  funi  tions,  the  SM'^-Gt'E.S 
tem  '.'.ill  have  'iat.i  eolleition  c.i  p.ihi  1 1 ty  with  tl.i  sji.u  e.  ra  ft  serving 


as  a relay  station.  Such  a system  could  become  the  vehicle  for 
bringing  about  coordinated  reporting  networks  for  water  manage- 
ment. 


b.  Forecast  Methods 

Models  for  simulati/ig  the  hydrologic  cycle  of  a catchment 
area  are  rather  new  in  concept  but  will  play  an  important  role  in 
improved  forecasts  of  the  future. 

Considerable  research  has  been  done  on  the  snowmelt  process, 
and  it  is  now  possible  to  make  accurate  estimates  of  point  snowmelt 
given  all  tlie  necessary  observations  of  meteorological  and  snowpack 
characteristics.  Even  so,  much  research  remains  to  be  done  in 
modeling  this  phase  of  the  cycle  for  a hetrogeneous  natural  catch- 
ment with  the  network  observations  now  available.  Mountain  catch- 
ments with  large  range  of  elevation,  slope  and  aspect  and  partially 
forested  present  an  extremely  formidable  problem,  particularly 
when  precipitation  is  typically  snow  at  high  levels  and  rain  at  low 
levels.  Future  development  in  remote  sensing  may  be  expected  to 
bring  about  improved  forecasts  under  these  circumstances. 

Present  forecasts  of  seasonal  or  annual  water  supply  volume 
are  based  on  statistical  correlations  in  which  the  primary  independ- 
ent variables  are  monthly  precipitation  and/or  current  water  equiva- 
lent of  the  snowpack.  It  is  believed  that  research  will  soon  lead  to 
the  de\-elopment  of  conceptual  models  applicable  to  the  forecasting 
of  seasonal  volume  and  its  probable  time  distribution.  Similarlv, 
procedures  for  predicting  water  ten’peraturc  and  ice  conditions  in 
streams  will  become  more  scientifically  advanced  as  the  require- 
ments increase  and  the  necessary  basic  data  become  available. 


c.  Meteorological  Aspects 

The  input  data  for  hydrologic  simulation  models  <irc  largely 
observations  of  meteorological  elements  such  .is  precipitation, 
tempreature,  humidiby,  wind  and  incident  r.idiation.  The  signi- 
ficance of  scientific  <ind  technological  advances  in  meteorology 
which  lead  to  improved  quantitative  forecasts  of  thesi'  elements 
cannot  be  o\  e r-emph.isized.  Flash  flood  w arnings  for  a commu- 
nity which  can  be  inundated  less  th.in  an  hour  after  an  intense  storm 
must  be  keyed  to  a meteorological  foreiast  to  be  trulv  effi'ctive. 
Less  obvious  is  the  re.se  rvoir  so  located  that  the  ion. trolled  out- 
flow. must  be  reduied  before  the  oeeurretae  vif  heav'y  rain  down- 
stream flooding.  A m.ijor  increase  in  the  ateur.icv  of  quantitative 


precipitation  prediction  would  result  in  a corresponding  improve- 
ment in  the  accuracy  and  timeliness  of  river  forecasts  and  warn- 
ings and  would  tliereby  lead  to  more  efficient  water  management. 

Anv  realistic  hvdrologic  model  must  take  into  account  moisture 
transport  from  the  surface  as  well  as  precipitation  on  tl.e  surface 
and  the  same  can  be  said  of  atmospheric  model.?,  hlopefully,  re- 
search on  hydrologic  models  will  lead  to  impro'.  ed  evaluation  of 
evapotranspiration  on  a real-time  basis.  If  so,  such  information 
miglit  serve  as  input  to  .‘.tmospheric  models  and  result  in  both  im- 
proved meteorological  and  hydrologic  forecasts.  The  development 
of  an  atmosyjheric-hydrospheric  model  is  a feasible  goal. 

d.  Data  ProcchSing,  Storage  and  Retrieval 

Future  de veloptricnts  in  the  processing,  storage,  and  retrieval 
of  data  cannot  bi'  \ iewed  solelv  from  the  point  of  \iew  of  the  ri\-er 
forecast  and  warning  ser\-ice  because  of  fh.e  feedback  between  fore- 
casts and  operations.  For  optimum  benefits  from  a resetwoir,  the 
controlled  releases  must  reflect  the  anticipated  inflow,  and  the 
downstream  flows  cannot  be  predicted  until  the  sehed  iied  releases 
from  the  rescr\oir  have  been  decided  upon.  This  interplay  between 
forecaster  ami  operator  must  take  place  for  each  point  <jf  control  in 
a ri'.-er  basin. 

In  the  liighlv  de^cl(l^a•d  riwr  basins  ol  the  future,  ami  taking 
into  a<  count  tlie  acided  .sii>tiifi(.ance  ol  v\ater  polb,tion  and  otner 
elements  of  (mntr  d.  a unified  and  computerized  appi-'kich  is  rap- 
idly becoming  .i  i e-:  es.sif.  . \Vi-  cannot  long  afford  .i  r r.uige ment  s 
whereb',-  a multitude  o.'  w.ilcr  management  agencies  (Fcdi-tuil,  State, 
and  locall  utilities,  i tc.  make  operational  decisions  with  no  attempt 
to  optimi/.<.‘  th<-  overall  s’,  stem.  There  must  be  ,i  < ci  tr.ili.uul  data- 
b.ink  ami  computer  (on  ple\  (rj\-er  b.isin  or  regional)  win.  re  In  dro- 
meteorological  ami  other  rehnant  data  arc  c on t in u.i  1 !>.'  iipd-itcfi  as 
r€apidl\  as  possible he  re  forecasts  and  opcritions  sth.c  lulcs  arc 
rn.ide  on  the  b.isis  of  "programmed  decisions".  In  otiu-r  . ords,  all 
requiri  d coordination  would  be  acliiiwed  in  dm  i loping  tlu  computer 
progra'-  e;a,l  mif  iu  i'"aihitig  ope  ra  t uma  1 decisioms  I'.iti.  cai!.  whim 
of  ii.afure. 
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D.  URBANIZATION 


The  Connecticut  River  Basin  as  a whole  has  experienced  a high 
level  of  urbanization  when  compared  with  the  remainder  of  the  nation. 
In  1963  more  than  70%  of  the  total  population  lived  on  less  than  4% 
of  the  land  area.  This  is  defined  by  all  places  incorporated  or  un- 
incorporated of  1,000  or  more  inhabitants.  By  1980  this  study  anti- 
cipates that  more  than  7%  of  the  total  basin  land  area  will  be  urban- 
ized; by  the  year  2000,  9 1/2%;  and  by  the  year  2020,  12  1/2%. 

Of  the  basin  urban  population  in  1960,  the  majority  resided  in 
the  Massachusetts  and  Connecticut  portions.  Percentages  range 
from  about  15%  in  upper  Vermont  to  almost  80%  in  Massachusetts 
and  Connecticut.  It  is  expected  tliat  most  of  the  future  population 
growth  w/ill  be  absorbed  by  the  urbanization  and  industrialization 
of  the  Hartford-Springfield  area  which  makes  up  the  lower  portion 
of  the  basin.  The  outward  pressure  of  the  urban  growing  population 
will  be  felt  primarily  in  the  suburban  fringe  areas  where  land  use 
is  certain  to  become  more  intensive.  Growth  will  also  continue  to 
occur  in  the  flood  plain  and  areas  adjacent  to  them  because  of  the 
availability  of  suitable  land  for  development  and  also  because  of 
the  easy  development  due  to  the  already  existing  social  facilities 
such  as  schools,  hospitals,  mmnicipal  services,  and  highways  and 
other  accessible  modes  of  transportation. 
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NEEDS  OF  THE  FUU'RE 


\ 


A.  GENERAL 

1 he  purpose  of  this  section  is  to  presi-nt  litc.se  netCs  Jiid  proh 
lems  which  piTtain  to  water  resources  and  related  land  within  the 
Connecticut  River  Basin.  The  study  recognizes  that  since  the  time 
of  the  earliest  settlement  it  has  been  necessary  U.  develop  the  natu 
ral  resources  of  thi‘  b.isin  but  not  always  was  it  done  in  the  wisest 
manner.  It  is  ri-cognized  that  development  is  natural  and  desirable 
but  that  it  should  be  designed  within  an  orderly  pattern  to  permit  so- 
lution of  today'  s needs  as  well  as  the  projected  needs  of  tcimorrow 
without  (.  renting  problems.  An  assessment  has  been  made  of  the 
problems  of  today  and  tomorrow  in  the  Connecticut  Rivi-r  Basin  and 
briefly  they  are  as  follows; 

Problems 


- Heavy  pollution  existing  in  significant  lengths  of  the 
basin'  s streams 

- Continuing  and  enlarging  flood  damage  pri.blem 

- Wide  v'ariation  in  regulation  of  tlie  ri\-er  s flow 

- Barriers  to  fish  passage  and  navdgation 

- Growing  di-mand  for  increased  water  supply  both  from 
within  and  without  the  basin 

- Over-crowding  the  basin's  public  and  privati-  r.  i re- 
ational  facilities 

- Inadequati-  uniform  program  to  presi-rve  i-\isting  natural 
are, IS  which  might  otherwise  be  exploit!  d or  di-stroyed 

L.ick  !)f  a coordinated  plan  to  conserve.  diWiTop.  and  mar. 
.ige  the  Conni'Ctii  ut 's  w.iti  r and  rel.ite(l  land  in  an  iirderly 
manne  r . 

To  det'.  rniine  the  niw'd  for  adfJitional  diw'i  lopmt  n‘  .nid  n.anage- 
rni'nl  of  water  resouriws  in  the  basin,  the  study  addri'ssi  d itself  to 
a flet e r min«it ion  of  the  .ivailahie  supply  tor  i-.ii  h w.iter  r.-souri!  use 
sui  h <is  muniiip.il  .md  industrial  w.di  r supply  in.  ludin,  power  tool- 
ing. hytl  roe  I !'t  t r i c gim- rat  ion  . .md  outdoor  rec  r I’.i  t i ( ii  m..  hiding  ho.tt - 
ing.  fishing,  swimming,  hunting,  .ind  aistheti.  enioyment.  C'.in.ur 
rently.  the  pri  .Si  nt  .irifi  futiir.-  th'iii. intis  lur  eat  h re.si.'ir.  !■  use  .c  n 


K t..H 


I 


ascertained  by  analyzing  present  and  projected  population  and 
use  trends.  The  difference  between  demand  and  supply  was  then 
identified  as  the  need.  Both  quantity  and  quality  of  resource  were 
examined  to  determine  their  adequacy  to  meet  identified  needs. 
The  study  revealed  that  there  is  a need  to; 

- Preserve  green  space  and  open  space  and  secure 
access  to  them 

- Abate  pollution  and  control  future  pollution 

- Prevent  thermal  pollution  from  damaging  the  natural 
environment 

- Reduce  flood  hazards  and  lessen  flood  damages 

- Supplement  low  flows  to  improve  stream  conditions 

- Increase  recreational  opportunities 

- Provide  better  environment  for  fish  and  wildlife 
and  restore  the  sea-run  fishery 

- Preserve  inland  and  tidal  wetlands 

- Insure  adequate  water  supplies 

- Impro\e  multiple-use  management  of  land  and  water 
re  source  s 

- Expand  programs  for  identifying  and  maintaining 
historic  sites 

- Acqviire  additional  public  land 

- Insure  the  adequacy  of  the  future  elcotrie  power  supply 

- Impro\  e rec  re.i tiona  1 boa t ing 

- Minimize;  erosion  and  insure  ade'quate  drainage 

- Pre;se;rve  the  basizi's  scenic  beauty 
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Within  this  section  needs  are  presented  in  a broad  but  brief 
sense.  The  individual  need  for  each  water  resource  vise  for  each 
water  resource  purpose  are  developed  in  somewhat  more  detail  in 
the  pertinent  appendix  dealing  with  the  particular  resource  or  use. 
The  intent  here  is  to  present  a comprehensive  or  overall  picture  of 
the  needs  of  the  basin  so  that  the  goals  for  restoration,  enhancement, 
consumption,  preservation,  and  development  of  the  resources  of  the 
basin  can  be  established  in  an  orderly  manner. 

B.  WATER  QUALITY 


As  a participant  of  this  comprehensive  study,  the  Department 
of  the  Interior,  acting  through  the  Federal  Water  Quality  Adminis- 
tration (FWQA),  has  inventoried  present  water  quality  within  the 
Connecticut  River  Basin.  Pollution  loadings  have  been  projected 
for  the  future  tranios  of  1480  and  Z020,  and  their  effml  on  w.ater 
quality  has  been  ewal.iated. 

A busic  water  cpialily  proi;ram  to  achieve  joint  State -Federal 
water  quality  standards  has  already  been  established  by  th,e  States 
of  Vermont,  New  fianipshire,  Massachusetts,  and  Cut.nei  licut. 

They  have  set  standards  for  all  interstate  streams  and  v oastal 
waters  withii.  the  basin  vliich,  with  some  exceptions,  have  been 
approved  by  the  Federal  Government.  Many  intrustute  .streams 
have  also  been  cla.ssified  and  plans  exist  to  classify  all  remaining 
intrastate  rivers. 

T}y  water  qualLtv  standards  include  use  designations  for  each 
water  body,  criteria  for  measuring  the  quality  of  tlu  watt‘r,  and  an 
implementation  schedule  for  the  construction  of  treatment  facilities. 
In  general,  standard.s  require  that  wastes  receive  secondary  treat- 
ment witli  disinfection,  or  the  induslri.il  waste  equivaU'iit  before  dis- 
charge to  <i  rei  civing  water.  Current  implement.it  ion  sehedule  is 
completion  of  necess  irv  treatment  facilities  hy  tli'-  m id- 1 47 H ' s. 

Th'  re  is  I need  to  jiri.vide  treatment  facilities  »o  handle  pre- 
sent ar  l p>roJected  w.i.ste  loadings.  T.ible  S showed  ".ist.-  lo.ids  to 
basin  streams  by  sub-b.i.sin  area.  The  distribution  ul  ir.du  st  ria  1 
waste  loads  by  industry  for  each  sub-hasin  an- u is  s!u  in  Table 
IS.  The  1 'bP  tre.itinent  of  municipal  and  industrial  ''.u  tes  was 
shown  by  sut  -basin  .ire.i  in  TabU'  6. 
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TADIiE  1 5 


DIS'rRIBlTTICN 

OF  roOUSTRITLL 
BY  r.37U£TRY 

\'L^STE  IjG?D 

Basin 

S ubdi  vision 

Percent  of  Industrial  VJaste 

Load  by  Type 

Pajxjr 

Qiemicals 

Textile 

Leather 

Otlier 

CRB  I 

99.0 

- 

0.5 

0.5 

- 

CRB  II 

100.0 

- 

- 

- 

- 

CRB  III 

31.2 

- 

36.2 

32.4 

0.2 

CRD  rv 

66.6 

- 

33.4 

- 

- 

CRB  V 

53.4 

13.6 

14.8 

- 

18. 2^ 

CRB  VT 

47.0 

- 

1.8 

- 

51. 2^ 

Basin 

78.8 

3.6 

7.4 

2.5 

7.7 

1.  Includes  17.6  percent  in  food  processing  industry. 

2.  Includes  23.0  percent  in  iietal  and  nodiincry  industry  aJid 
27.2  percent  in  food  processing  industry'. 
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Thu  o^ciniatod  capital  cost  of  prox  idiiif;  secon<lar>  uaU-r  pollu- 
tion control  facilities  sliced  to  meet  the  1^80  projected  v.aste  load 
is  estimated  at  $171  million  with  $iZl  million  estimated  for  the  pro- 
jected dOZU  ioiids.  This  does  not  include  operation  and  maintenance 
costs  nor  tliose  expenditures  necessary  for  the  construction  of  inter- 
ceptors, storm  seuer  separation,  pumping  stations,  and  collection 
systems.  A breakdown  of  the  1980  and  ZOZO  figures  by  State  is 
shown  in  the  following  table.  In  practice  treatment  facilities  con- 
structed before  IbHO  will  be  designed  to  accommodate  1495  to  2000 
projected  waste  loads  to  allow  for  a 20  to  25  year  Ociinonnc  life  of 
the  plant.  This  moans  that  total  actual  expenditures  fur  first  opera- 
tion secondary  treatment  plants  would  amount  to  about  $240  M, 

TAB  LE  1 6 

ESTIMATED  COST  OF  PROVIDING 
SECONDARY  TREATMENT  PLANTS 
CONNECTICUT  RIVER  BASIN 


Cost  i.n 

Dollars 

STATE 

1980 

2 02  0 

New  Hampshire 

$30, 578, 000 

$54,893, 000 

Ve  rmont 

20,  006,  000 

49, o20, 000 

Massachusetts 

72, 031 , 000 

119, 974, 000 

Conner  ticut 

48, 600, 000 

96, 2o8, 000 

TOTAL 

$171,2  1'=,  000 

$320,  755,  000 

Under  the  increasing  pressures  of  future  piipulatiun  ,<nd  indus- 
trial expansion,  abatement  of  pollution  and  tl'.«'  cenlrol  uf  its  effects 
must  recci\e  continuing  evaluation.  Under  these  pressun  .s , plan- 
ned facilities  vill  need  to  be  enlarged  and  controls  a;  -.i  b.i^iu-  sec- 
condary  treatment  levels  must  be  considered. 

Th.e  basin  study  tias  estimated  th.at  in  1 :tur<  ,c.;  r,-  ,i  number  of 
stieam  re. u lies  veil!  reflect  the  effect  of  these  [ir  • • s s u re  s and  be 
thre. itemed  with  .i  reduction  in  water  c^u.ility.  These  are, is  arc  showri 
in  T.ible  17  md  reprc'sent  lire, is  v>.+:ich,  under  future  |_r<iv  th  .ii.d  c rit- 
ical  hydrologi  :al  .nul  .empi  rature  condificjn.s , m.iv  le-  expected  to  ex- 
hibit Writer  qii.iiity  profilc-ms,  even  after  secoi.Ia  i-v  t n a t : . au-t . Water 
cju.ility  . l.issifii  .itions  in  the  c ritiiiil  areas  siiown  in  '1  ibie  17  uill  be 
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TABLE  17  (Continued) 
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si^nation  of  a deficient  reach  denotes  that  deficiency  is  projected  to  occur  within 
leh  and  not  that  entire  reach  is  deficient. 
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attained  by  higher  degrees  of  treatment,  by  flox*.  augmentation,  a 
combination  of  these  two  methods,  or  by  other  means. 

The  basin  study  recognizes  the  need  for  increased  measures 
of  pollution  abatement  which  will  emerge  in  future  years  and  that 
future  expenditures  will  be  necessary.  These  may  be  due  to  in- 
creased lev'els  of  treatment,  flow  augmentation,  modification  of 
industrial  plant  processes,  and  other  controls  or  comVdnations 
of  these. 

Adequate  water  quality  depends  upon  the  use  for  v hich.  t!ie 
water  is  intended.  For  some  uses  siu  h as  water  supply,  needs 
are  stringent  and  sjjecial  treatment  and  control  are  needed.  At 
the  other  extreme,  uses  such  as  r.avigation  may  reqviire  lesser 
quality  but  are,  however,  affected  by  such  things  as  debris,  aquat- 
ic organisms,  clarity,  and  sediment  load.  Therefore,  the  plan 
must  consider  the  end-use  of  its  particular  water  quality  require- 
ments. 

The  varied  characte'"  of  tlie  study  area,  the  high  demands  of  a 
densely  populated  region,  and  the  heavy  pollution  loads  associated 
with  urban  and  industrial  developments  lead  to  a wide  range  of  water 
quality  needs.  These  include  the  need  to  protect  good  recreation 
waters  for  and  from  tlie  recreator,  the  need  to  provide  a healthful 
and  aesthetic  aquatic  setting,  the  need  to  meet  expanding  water  sup- 
ply demand  and  the  need  to  adequately  treat  and  dispose  large  quan- 
tities ol  waste.  These  diverse  demands  impose  a serious  challenge 
to  the  sound  management  and  use  of  water. 

The  hydrological  conditions  which  create  low  flow  conditions 
delete  riously  affect  the  water  quality  by: 

- Reducing  the  reaeration  cap.iciU  of  the  stream  due 
to  a reductioii  in  f.irbulenre  at  the  ,iir-w,iter  inter- 
face. 

- Im  rcasing  the  concent  rat  ion  of  introduced  pollutants. 

For  those  [lollutants  which  .ire  subject  to  biol.igii  al 
degradation,  such  increases  in  coneentr  itions  simi- 
l.irly  i.:oncent  r.it''  the  dem.indb  on  thi  oxyce;  r ■soun.'S 
of  the  ri\er. 

- Dec  reusing  ti.e  veK.u  ity  .it  d me  re.isinu  the  time  during 
which  .1  pi.llut.int  rem.iins  in  the  s.ime  re.ti  It  of  the 
river.  .Such  rei.i  r.l.ition,  in  eft-ct,  . oncet.i  r.ites  tie 
o.xvget.  ilemand.s  ol  .i  w.i.-.te  viti.in  short  ri  'ida  s. 
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_ Decreasing  the  velocity  v.iiich  results  in  a greater 
amount  of  suspended  matter  being  allowed  to  settle 
on  the  bottom.  Such  deposits  may  be  resuspended 
to  introduce  a concentrated  slug  of  pollutants  to 
downstream  areas  or  may  create  local  w.ater  quality 
problems  from  floating  sludge  or  the  creation  of  a 
bottom  devoid  of  oxygen. 

_ Elevating  water  temperature.  Increases  in  temper- 
ature during  low  flow  periods  occur  because  of  the 
reduced  quantity  of  water,  a decrease  in  surface  area 
thereby  decreasing  atmospheric  cooling,  and  reduced 
velocities  which  increase  the  time  during  which  warm- 
ing can  occur.  Such  temperature  rises  increase  the 
rate  (jf  biological  activity  thereby  concentrating  the  de- 
m.inds  on  the  oxygen  resource. 

In  addition  to  the  seasonal  variations  which  exist,  daily  and 
hourly  fluctuations  in  flow’  along  the  ma.in  stem  and  a number  of 
tributaries  occur  due  to  the  operation  of  many  industrial  and  hydro- 
electric impoundments. 

Tlie  flow  in  the  Connecticut  River  is  regulated  at  IS  major  im- 
poundments on  the  main  stem  and  by  dams  on  many  of  the  tributaries. 
Except  for  impoundments  near  the  headwati'rs  of  the  Connecticut 
RiN'er,  which  provide  seasonal  storage  of  vater,  the  impoundments 
are  operated  to  providt'; 

(1)  peak  power  generation  capacity  or, 

(d)  industrial  water  supply  and  powe  r generation. 

The  tributary  Westfield,  Chicopee,  Deerfield,  Farmington,  and 
other  ricers  are  simil.irly  regulated. 

The  presi'nt  quality  of  significant  portions  of  th<  Conmu  tic.it 
Basin  precludes  or  impairs  the  use  of  the  b.isin's  w.itt'rs  lor  many 
h'gitim.ite  jiurjuiscs  including  recreation,  lish  arul  wildlife  habit.it, 
public  water  supply,  and  aesthetic  ei.joymi-nt.  On  the  m.iin  stem 
Connecticut  River,  the  wat«  r qu.ility  heluw  the  Upper  Aminonoosvu 
River  and  <igain  in  the  viiinity  of  Springfield,  M.i  s s.ic  huse  tt  s is  de- 
graded for  .1  combined  distance  of  70  miles.  W.iier  qii.ilily  i n por- 
tions of  some  tributaries,  the  Ashuelot,  M.iscom.i,  Sugar,  Bl.uk, 
Millers,  Chicopee,  Deerfield,  Hoekaiuim,  .i  id  Fa  lumngt  on  Ri  ve  r s 
.ind  other  sm.iller  streams  is  simil.irly  degr.idecl. 
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Except  for  tlie  upper  reaches  of  the  Connecticut  River  and 
headwaters  of  its  major  tributaries,  swimming  is  generally  not 
allowed  by  public  authorities  because  of  high  bacterial  concen- 
trations, Boating,  fishing,  and  sailing  to  some  degree  occur 
throughout  much  of  the  basin.  Boating  and  fishing  activity  , how- 
ever, is  severely  curtailed  in  the  polluted  areas  of  the  basin  due 
to  aesthetic  considt;  rations  or  an  impaired  fishery  resource. 

Fromthe  Connecticut  River's  headwaters  to  the  Upper  Ammon- 
oosuc  River,  the  main  stem  is  free  of  niajt/r  sources  of  organic  pol- 
lution tilthough  untreated  municipal  wastes  from  a le'v  smaller  com- 
mur-.ities  riusalt  i'  increases  in  the  coliforin  level. 

Pulp  and  paper  v.astes  enter  tiie  Connecticut  at  t’c.e  Upper  Am- 
monoosui-  Ri-- er.  The  introduction  of  these  wastes,  presently  ap- 
proximates 150,000  pounds/day  of  BOD-  aid  results  in  severe  de- 
pletion of  the  lissoKed  oxvgen  as  far  downstream  as  the  Moore 
Dam. 

Below  the  Moore  D.nn,  recov'ery  of  the  Connecticut  begins  and 
dissolved  oxygen  levels  increase  to  levels  higher  than  5 mg/1. 

Limited  data  indicates  that  much  of  the  wastes  introduced  into  up- 
stream areas  may  settle  out  in  the  relatively  cjuiescen!  water  of 
tlie  Moore  Reservoir.  The  Conneiiticul  River,  frotn  the  vicinity 
of  the  Pa.s.siimpsic  River  downstream  to  Holyoke,  Massaclmsetts 
is  of  a relatively  t:ood  quality  except  for  moder  itely  high  levels 
of  coliform . 

At  Holyoke,  M issach.u.setts  gradual  deterioration  ol  the  water 
flualib,'  oc vurs  and  is  reinforceil  by  significant  (piantities  of  waste 
introducer!  in  the  vicinity  ol  Springfield,  M.issachusi'tt;  . Redmtions 
in  the  rlissoKed  oxvL'en  to  levaTs  of  .1  - 1 mg/  1 occur  oid  gros.s  bae- 
tiTia  conci-nt  rations  are  present.  High  concen  t r a t ions  i>f  the  nutrii'nts, 
nitrogen  and  phos[ihate,  exist  as  well  as  signilieant  .iluae  r ouiits. 

Below  thi-  Enfield  Dam,  just  downstream  .1  Spru.cfield,  tlie  Con- 
necticut btw  onies  an  t'sluarine  water  body.  Allliough.  not  affeitedby 
salt  wati'r  throughout,  tidil  ai  tion  is  felt  to  . fioin.t  ju.-.t  iipstre.iin  ol 

Hartford,  Connecticut.  Water  rpualitv  in  tiv  cst  larini  wati  rs  is  pre- 
sentlv  irnp.iired  to  ,i  moderate  degree.  1 )i.s  s (d  ved  oxviji’n  < oiuuritra- 
tions  range  close  to  S mg/ I , the  presenee  ol  lajliform  n.acteria  m suf- 
ficiet;ily  liigh  numbers  preclurles  water  eontaet  '.jiorts  or  hiv.tl\-e 
slie  1 If  i s hr' r ie  s , it.d  i , ,n  een  t rations  of  nutrients  are  satin  lentlv  high 
to  f os  t<’  r a I ■'  le  b I oon  ' s . 
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Although  stream  waters  of  the  basin  are  rarely  used  for  mu- 
nicipal water  supply,  the  present  water  quality  presents  a barrier 
to  the  economical  development  of  such  waters  for  additional  sup- 
plies. 

The  major  waters  of  the  Connecticut  River  Basin  were  aiialyzed 
to  determine  the  quality  which  would  exist  under  a seven-day  low 
flow  with  a ten-year  return  period,  after  all  wastes  had  received  a 
minimum  treatment  program  of  removal  of  biochemical  oxygen 

demand.  This  flow  was  selected  because  this  criteria  is  utilized  m 
the  interpretation  of  State  water  qiiality  stand.irds.  Under  these 
assumptions,  certain  reaches  of  the  basin  waters  do  not  meet  the 
assumed  dissolved  oxygen  objective  of  5.  5 mg/1.  A detailed  list 
of  these  areas  of  the  basin  is  shown  in  Table  17  . Based  on  these 
data,  it  is  apparent  that  measures  in  addition  to  secondary  treat- 
ment will  be  required  to  maintain  adequate  water  quality  in  some 
parts  of  the  basin  under  assumed  future  conditions.  Further,  from 
a comparison  of  the  present  water  quality,  it  may  be  generalized 
that  areas  which  do  not  meet  the  aissol\’ed  oxygen  objectives  are 
areas  whieh  are  presently  severely  degraded. 

The  range  of  dissolved  oxygen  projected  u.-.der  the  assun'ied 
conditions  has  been  generalized  to  three  categories  for  purposes 
of  discussion; 

- Those  less  than  3 rng/ 1 have  been  termed  "major'’. 

- Those  between  3 and  5 mg/1,  "moderate''. 

- Those  between  5 and  5.5,  "minor''. 

By  19H0  ri'aches  of  the  Upper  Connecticut  River  and  Otter, 
North.,  Quaboag,  Ware,  Little,  Pequabuck,  and  Hockaiium  Ricers 
are  projected  to  have  major  deficiencic- s in  the  dissolved  oxygen 
level  und«  r i ritical  conditions.  Moder.ite  deficiencies  in  I'^BO  are 
proji’i  ted  for  rc'nches  of  the  Black.  Ashuelot,  Millers,  Deerfield, 
and  Chicu[)f;e  Rivers.  Minor  deficieiu  ies  by  IhHO  .ire  projected  to 
occur  on  the  Green,  Westfield,  and  Farmington  Kiver.s. 


By  30,10  deficiencies  are  proj-.o  ted  to  iru  reasc  in  m.ignitude  in 
reaches  of  those  ri\ers  noted  ilHer.  In  .iddifion,  minor  deficieiuies 
are  projected  to  emerge  or.  the  Atnmoni.osne  River,  while  moderate 
defieiencies  ar<’  projeeteil  lor  tla  S ic,  u'  River. 

Tlu'  estuary  w.iter:,  .t  r»'  pri'je,  ted  to  -itlain  .i  rel.itivelv  high  dis- 
solved oxvten  le'  el  th.roughout  the  period  ot  study.  Fvei.  uiuier  ( on- 
ditions  expe<  ted  to  oi  I ir  during  the  iritie.il  p<' nod  dissoU  ed  oxvgen 
levid.s  are  pro|e  ted  t o ,i  pp  r ox  li  o 1 1 ••  0 nig/1. 
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The  capacities  of  secondary  basin  streams  to  assimilate  wastes 
were  estimated  assuming  that  the  dissolved  oxygen  concentration  of 
5.  h mg/ I was  a minimum  objective.  Critical  combinations  of  flow 
and  temperature  were  analyzed  as  was  a conse rvati\e  estimate  of 
the  self-purification  capacity^  of  the  stream. 

C.  POWER 

1.  General 

Within  tlie  Connecticut  River  B.isin,  power  requirements  are 
currently  met  by  a group  of  utilities  whose  operations  are  coordi- 
nated on  a regional  basis  to  meet  a common  need.  The  New  Eng- 
land region  is  served  by  an  intercor.nected  system,  and  power  is 
exchanged  between  utilities  to  provide  maximum  economy  and  re- 
liability'. About  90%  of  the  total  energy  required  for  New  England 
is  provided  directly  to  consumers  by  privately-owned  systems, 
many  of  which  purchase  a substantial  iimount  of  power  from  the 
private  sector. 


Until  recently,  the  basin  has  been  exporting  peaking  power, 
providing  large  blocks  of  power  from  the  hydroelectric  plants  at 
Moore  and  Comerford  to  markets  as  far  south  as  Boston,  In  1967 
energy'  needs  of  the  basin  were  approximately  10  billion  kilowatt 
hours  or  about  Z5%  of  the  New  England  total  w.ith  a peak  demand 
in  the  order  of  <1.6  million  kilowatts.  Now  that  it'<  own  energy  de- 
mand has  increased,  the  basin  currently  consumes  essentially 
what  it  produces  although  it  still  exports  peaking  power.  In  future 
years,  the  basin  will  have  to  import  energy  both  baseload  and  peak- 
ing in  contra.st  to  its  historic.il  export  role. 

Assuming  the  same  rate  of  growth  as  the  New  Engl.ind  power 
m.arket,  basin  energy  requirernimts  may  be  expected  to  climb  to 
.11  billion  .'infi  .10('  billion  kilowatt  hours  in  1980  .atid  .10.10,  rc.spec- 
ti'.-ely  with  cor re.sponding  peaxs  in  tlie  order  of  8 million  kilowatts 
anrl  40  million  kilowatts,  re  spec  t i\-i‘ ly . It  is  estimati  d that  basu; 
demands  in  <i0<10  will  be  far  more  than  the  basin's  av.ailable  econom- 
ic supply. 

Thf-  ele  trii'  yinwe  r resources  of  the  Conne<  ticut  Ri\  iT  Basin 
.ire  derli.'.ited  to  .issist  in  ser\ing  the  load  of  all  New  Fingland.  Be- 
cause of  the  m.'ike-  ip  iif  the  power  market  .ire.i  of  New  Engl.ind  with 
its  intiTconnei  lions  and  power  interchanges,  the  ("onniu  ticut  River 
Basin  power  demand  is  not  usually  and  should  not  r • treated  .as  a 
Si-p.ir.ite  entity. 
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The  basin  exports  peaking  power  from  its  hydroelectric  instal- 
lations and  will  continue  to  do  so.  However,  the  basin  uill  be  de- 
pending more  and  more  on  baseload  energy  generated  outside  of 
the  watershed.  Accordingly,  the  following  table  shows  the  esti- 
mated total  power  requirements  for  the  entire  market  area  to- 
gether with  that  portion  of  the  supply  which  is  estimated  to  be 
provided  by  the  resources  of  the  Connecticut  River  Basin.  Fig- 
ure 11  illustrates  the  projected  allocation  of  power  supply  to  the 
Connecticut  River  Basin. 

TABLE  IB 

ESTIMATED  TOTAL  POWER  REQUIREMENTS  FOR  THE 
NEW  ENGLAND  MARTET  AREA  (megawatts) 

Required  J_9b7  1980  dOOO  1010 

Generation  lU,d88  17,  HIS  q.' , 8d5  zI771Ti5 

ASSUMED  ALLOCATION  OF  POWER  SUPPLY 
TO  THE  CONNECTICUT  RIVER  BASIN 


Conventional  hy'dro 
Pumped  storage 
IC/GT 

Fossil  steam 
Nuc  lear  steam 

6dl 

80 
1 103 
785 

709 
1 600 
3 38 
<501 
d-}q8 

859 

3600 

1500 

674 

7500 

1 , OOO 
B,  OOO 
5,  000 
1 . 4 35 
15, 000 

TOTAL 

d,  589 

bO-lt. 

14.133 

d8.  344 

Total  as  '7o  of 
ma  rket 

d5.  d 

11.7 

1 

Id.  d 

In  the  past,  the  power  requiretl  ior  the  mor'  .'r  less  cor.sl.int 
baseload  was  provided  bv  fossil  steam  l.a  1 plants  while  intermittent 
surges  or  peak  demands  were  met  b\  operation  of  eon.  ventional  rui.- 
of-thc-river  liydroelectric  plants.  Due  to  the  recent  changes  m 
technology,  it  is  expected  that  nuclear  power  steam  plants  will  r<  - 
place  the  traditional  tunction  ol  lossil-fuel  pl.ints  and  pumped  stor- 
age hydroelectric  installations  will  supplant  the  run-ot-the  - ri\-e  r 
hydroeiec  trie  plants.  This  shift  in  composition,  of  the  power  svstem 
IS  evidenci'd  in  Table  18  and  graphically  illustrated  in  Figure  Id. 

Table  18  indic.ites  that  by  the  year  dU.’.O  Ih.e  ( onn.u  tK  ut  R.\er 
Basin  will  increase  its  [lower  supply  to  II  times  its  pin7  capahiLtv. 
The  table  ,ilso  shows  that  conventional  hydro  will  d.  , lino  1 rom  its 
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capability  will  decline  from  4 3%  of  the  total  pow'er  capacity  to  5% 

[ in  the  year  ZOZO.  During  the  same  period,  nuclear  fuel  plants 

f will  increase  from  30%  of  the  system  capacity  at  present  to  53%. 

In  meeting  the  needs  for  future  power  there  will  be  many  ob- 
I Stacies  to  overcome.  All  major  types  of  power  plants  - conven- 

tional hydro,  pumped  storage,  fossil-fuel,  or  nuclear  - are  large 
users  of  land  and  water.  Both  fossil  and  nuclear  require  extensive 
facilities  to  dissipate  heat,  and  fossil  plants  may  also  foster  air 
pollution  problems.  The  environmental  or  siting  problems  will  be 
among  the  most  difficult  facing  the  ir.dustry  and  the  pressure  to  re- 
solve them  will  be  even  more  critical  in  future  years.  Careful 
planning  during  site  selection  is  necessarv  to  av'oid  aesthetic  and 
ecological  problems.  Unless  technological  advances  occur  to 
eliminate  or  minimize  adverse  effects  onthe  environment,  all 
future  installations  w.hether  nuclear,  fossil-fuel,  con\entional 
hydro,  and  pumped  storage  will  require  careful  design  controls. 

Z . Comparison  of  Probleins  Affecting  Different  F'orms  of  Energy 

a.  llyclroelectri  - Plants 

Ilydroeh'ctric  power  stations  offer  many  advantages  o\er 
fossil  and  internal  combustion  power  plants.  Chief  assets  are; 

- lower  operation  and  maintenance  costs 

- no  contribution  to  air  pollution 

- adapt. ibility  to  remote  control,  .uitoniatic  operation  and 

I use  for  spinning  reserve 

- long  life 

- lo'-  cli.irgi's  of  dep  ri' c ia  t lor 

- hiiah  reliability 

- rates  of  out.iges. 

I 

I 

i 
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There  are  also  additional  secondary  benefits  such  as  the  possibility 
of  combining  hydroelectric  pov,er  v-ith  other  uses  such  as  recre- 
ation, water  supply,  and  flood  control  within  the  project  reservoir. 
Conversely,  there  are  varied  environmental  restrictions  imposed 
on  potential  hydroelectric  developments.  Diurnal  fluctuations  in 
water  releases  impose  burdens  on  downstream  riparian  users  by 
affecting  flows.  Impoundments  v.ill  change  the  ecological  balance 
of  the  inundated  stretch  of  river.  This  .may  cause  the  aesthetic 
quality  of  a river  reach  to  be  impaired  and  valuable  land  resources 
may  be  lost.  These  conditions  must  be  constantly  re-euumined 
and  evaluated  to  insure  that  they  are  recognized  in  developing  the 
hydroelectric  resources  of  the  basin. 

b.  Pumped  Storage  Plants 

The  pumped  storage  plant  includes  a pun-ping  generating 
unit  operating  between  an  upper  and  lower  storage  poi.  ..  It  gener- 
ates energy  during  system  peak  load  periods  oy  release  of  water 
through  the  units  from  the  headwater  pool.  During  oft’-pe  ik  load 
periods,  energy  from  some  other  source  is  used  to  p imp  water 
from  tlie  lower  pool  back  into  the  headwater  pocd.  In  tnis  way  the 
system  operates  as  a more  or  less  closed  unit,  passing  essentially 
the  same  water  back  and  forth  from  the  upper  to  the  lower  pool. 

While  this  ar rangeme\,t  consumes  more  energy  than  it  prod  ices, 
its  economic  advantage  comes  from  converting  low  value  o;:-peak 
energy  to  high  value  on-peak  energy.  A further  advant  ige  of  pumped 
storage  hydro  is  the  elimination  of  on-stream  surges  which  upset 
river  flow  regulathm  duriiig  peak  operations  of  a con'  cntionai  hydro- 
electric project. 

Essential  to  the  construction  of  a pumped  storf.ge  project 
is  the  .availability  ot  pumping  energy  at  low  co.st.  tne  large 

thermal  generating  plants  which  are  being  const  luioteri  in  and  near 
the  Connecticut  River  Basin,  off-peak  pumping  energy  will  he 
readily  available.  Another  advantage  of  pumperl  storagi’  plai.ts  is 
the.  .ihility  to  combine  them  with  existing  reservoirs,  using  the 
existing  re.servoirs  .i.s  the  lower  pool  and  adding  an  upp*  r reser- 
voir at  a con  venient  Uication  which  has  a high  ^leati  difu- tuu  tia  1. 

c.  Thermal  Klectru  Gener.ition 


The  l.argest  industri.'d  demand  on  tlo'  v.iter  r«  s.  ."i  e s of 
th.e  b.isiu  is  1h.it  of  tla'rmal  eloi  lric  generation.  !^tc  .U:  plants  vvitl'- 
dr.av  more  v'at'  r than  anv  other  industrial  f.icilities.  Ne.irl'.’  all  of 
the  w ithdrav'  Is  .1  r<  for  1 oiiden.sing  the  sfe.m;  as(  d to  prodin  e]e(  - 
t r i(  e ne  r gv  . The  . ool  iiig  w ! tc  r < 1 r<  ala  te  s thro:.  I o ,•  p,  a>  i-  r 
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condensers  and  iibsorbs  enough  of  the  heat  r etaineci  by  the  steam 
after  it  lea'.es  the  turbine  to  condense  it  tor  return  to  tfie  feed 
water  heaters  and  boilers.  The  heated  cooling  water  's  returned 
to  a stream  where  consumptive  losses  are  relatively  small,  al- 
though the  heated  water  contributes  to  thermal  effects  through  the 
reduction  of  the  water's  capacity  to  hold  dissolved  ox'  gen.  The 
reduction  of  tlie  capacity  to  hold  dissolved  oxygen  reduces  the 
steam's  ability  to  assimilate  waste  loads  ai.d  may  cause  adverse 
effects  on  acjuatic  life.  Thermal  plants,  therefore,  require  that 
they'  either  be  located  close  to  a source  of  large  quantities  of  water 
for  cooling  or  that  tliey  use  expensive  cooling  towers. 

The  present  lack  of  thermal  plants  above  the  Massachusetts 
border  is  not  due  to  the  shortage  of  either  sites  or  water  but  rather 
to  the  demands  imposed  by  load  centers  and  the  present  adequacy  of 
installed  hydro  capacity'.  As  the  region  continiu  s to  grov,  nev  elec- 
tric generating  pltnts  will  be  required  over  a greater  lengtl.  of  the 
ri\'er.  As  this  divergency'  takes  place,  once-through  cooling  vill 
become  impractical  when  the  heat  a s similati  \ e capacity  of  the 
stream  is  reached  or  the  uater  demands  exceed  the  available  sup- 
plies. At  that  time  future  thernial  electric  plants  '.vill  have  to  be 
limited  to  the  tidal  sections  of  the  river  and  to  the  main  portions 
of  those  hydroelectric  station  ponds  . here  cirv  ulating  \.\ater  s\-s- 
tcms  could  be  used.  Further  demands  for  future  generation  could 
be  attained  by  the  use  of  cooling  towers  and  combination  thereof 
with  cooling  ponds. 

D.  RECREATION 


1 . Basic  Assumptions 

The  anal  'SOS  used  in  the  dc  le  b qu  ,ieid  .U  :-.i  reituuutl  p.irtici- 
p.ition  estimates  in  the  Connecticut  River  Ihi.sin  ,i -e  liused  on  the 
follo^^  ing  four  assumptions: 

- rii.it  the  Northeast  Rtuion.il  p i rt  ic  i p 1 1 ion  rates  from 
Outdoor  Recreation,  1 Resources  R>  \ u v C.imnussio:' 
Study  Report  Number  1»(1)  ,,  j valid  for  dete  iir.ination 
of  partic  ipation  in  the  lUitdiH-r  retro. .turn  acticitios  fiir 
the  fi\'c  States  in  tlie  Connectii  at  Ki'  cr  Basin  M.irki  t 
A rea. 

(I)  Reference  .'Appendix  II. 
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TABLE  19 


Estimates  of  Unsatisfied  Recreation  Participation  by  Activity 
for  1960,  1980,  ZOOO,  and  2020,  Connecticut  River  Basin 


Sub- 

basin 

Activity 

Unsatisfied  Recreation  Participation  in  Activity  Days  per 

Summer  Season 

1960  1980  2000  2020 

(000) 

(000) 

(000) 

(000) 

I 

Caini) 

2?S 

939 

2,342 

^*,515 

Picnic 

136 

201 

313 

585 

Swim 

393 

1,220 

2,798 

5 c 337 

Boat  1/ 

- - 

59 

229 

508 

Boa*  2^/ 

-- 

182 

539 

1,115 

II 

Camp 

677 

1,556 

2.776 

Picnic 

111 

180 

313 

544 

Swim 

329 

981 

2,061 

3,599 

Boat 

30 

132 

283 

Boat 

— 

123 

347 

669 

III 

Camp 

965 

3,324 

7,033 

15,099 

Picnic 

378 

738 

1,231 

1.953 

ivim 

1,623 

4,528 

9.80-^ 

.6,1x8 

Boat 

-- 

246 

OCi 

l,-^20 

Boat 

__ 

684 

1,85? 

3,  ^*+9 

IV 

Camp 

486 

1,764 

3,97a 

7,i4b 

Picnic 

428 

725 

1.204 

1,847 

Swim 

696 

2,501 

5,294 

9.240 

Boat 

77 

281 

605 

1,053 

Boat 

128 

499 

1,128 

2.006 

V 

Camp 

847 

2,294 

5-115 

9,650 

Picnic 

2,277 

4,501 

7, **86 

11,153 

Swim 

602 

6,425 

13,244 

22.912 

Boat 

157 

543 

1.082 

1.799 

Boat 

564 

1,337 

2.U90 

4.000 

VI 

■'suro 

6qi 

2.419 

5. 4x4 

9.7b2 

Picnic 

1,3^3 

2,774 

4. -^69 

7.073 

Swim 

1.81-^ 

7,192 

14,13.5 

22.099 

Boat 

184 

553 

I.196.G 

1 b65 

Boat 

202 

931 

1,892 

1,051 

1/  Unrest ritted  boating,  cnaracteristic  of  water  s irfac'^  areas  cf  500  acres  or  more 
^ Restricted  boating,  characteristic  of  water  sxu-fa:e  areas  of  .ess  than  500  acres 
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TABLE  20 
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1/  Within  each  sub-basin  first  data  row  relates  to  estimates  based  on  demand-supply  relationships  for 
~ unrestrictea  boatins;  the  second  row  relates  to  estimates  for  restricted  boating. 


- Regional  projection  factors  affecting  income  and  edu- 
cation are  v'alid  indices  for  projections  of  recreation 
participation. 

- Water  quality  standards  established  under  the  Water 
Qualit%"  Act  of  196S  will  be  successfullv  met. 

- No  rruijor  wars,  depressions,  or  other  major  ratastro- 
phics  will  occvir  that  will  subsequently  alter  the  pro- 
jected population  and  economic  growth  anticipated. 

The  estimates  of  outdoor  recreation  participation  for  tlie  Con- 
necticut River  Basin  are  based  on  present  day-use  participation  in 
selected  activities  and  the  interpretation  of  recreation  day-use  pat- 
terns and  habits  for  weekend,  overnight,  and  vacation  rerreators. 
Participation  estimates  were  made  for  the  years  I960,  1980,  2.000 
and  2020  in  four  recreation  activities:  swimming,  biiating,  pic- 

nicking, and  camping. 


Estimates  of  supply  are  based  on  the  Bureau  ol  Outdoor  Recre- 
ation's 1965  nation-wide  inventory,  updated  with  information  from 
state-wide  Comprehen.sive  Outdoor  Recreation  Plans  as  well  as  the 
Bureau's  Land  and  Water  Conservation  Fund  I’rograms. 

The  196^  inventory  used  as  the  I960  supply  in  this  report  has 
been  updati-d  and  projected  to  the  year  1980.  The  dOOO  .ind  ?.020  sup- 
ply estimates  are  based  on  the  1680  estimates  adjusted  for  expected 
shifts  in  recreation  use  conditions.  A comparison  of  demand  and  sup- 
ply reveals  certain  surplus  and  deficit  conditions  so  that  recreation 
demand  and  supply  figures  may  be  translated  inU,  real  phv'sical  terms. 
St.indards  have  been  applierl  to  convert  the  unsatisfied  demand  esti- 
mates into  recreation  days  and  then  to  acres  of  land  and  wafer  re- 
quired to  contend  with  the  unsatisfied  demand.  Estimates  of  unsatis- 
fied demand  are  presented  in  Table  16  for  the  six  suh-basins  of  the 
Connecticut  River  R.isin.  The  unsatisfied  demand  and  water-oriented 
recreation  days  and  the  estimates  of  asscu  i.ited  resfniree  dimensiotis 
are  prf)vided  in  T.ible  dO  and  illustrated  in  Figure  1.1. 

L.iTul  an<l  water  requirements  to  meet  the  unsatisfied  dem.ind 
wore  delineated  into  two  ( .itegories  for  pi, inning  an.ilysns:  unrestric- 

teil  boating,  cha  r u te  ristii:  of  water  surfac<’  are, as  of  SOU  ,icres  or 
gre.iter,  and  restricted  boating,  charade  rislic  of  water  surface  are, is 
of  less  th.m  StU)  ,i,  res.  A complete  discussion  of  the  lireakdown  is 
prescrited  ifi  .Appenrlix  il. 
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The  outdoor  recreation  resources  of  the  Connecticut  River 
Basin  are  presently  an  outstanding  attraction  of  national  significance. 
The  objective  of  die  recreation  needs  study  was  to  analyze  the  exist- 
ing and  latent  demand  for  outdoor  recreation  and  resources  and  to 
evaluate  the  capability  of  the  supply.  Estimates  of  recreation  needs 
have  resulted  from  the  comparison  of  the  two  and  so  that  these  esti- 
mates may  be  comprehended  in  real  physical  terms,  standards  have 
bei'n  applied  to  convert  them  into  iicres  of  water.  These  estimates 
are  not  absolute  rather  they  represent  planning-aid  data  for  the  pur- 
pose of  this  report.  The  study  took  into  account  the  socio-economic 
and  en\ironmental  characteristics  of  the  Connecticut  River  Basin  so 
as  to  satisfy  tlie  needs  of  the  growing  population  while  still  maintain- 
ing the  high  quality  of  the  present  outdoor  recreation  opportunity. 

2.  New  Hampshire 

The  Connecticut  Lakes  area  of  New  Hampshire,  ;ui  unusually 
scenic  area,  contains  an  abundance  of  water  surface  are. is  which 
.ire  largely  undeveloped.  There  is  a need  to  maintain  this  area  in 
its  present  scenic  wilderness  stiite  to  meet  the  demand  for  more 
primitive  recreation  pursuits. 

According  to  the  study  criteria  presented  in  Appendix  H,  there 
is  no  need  for  additional  water  bodies  in  the  northern  portion  of 
New  Hampshire  if  the  existing  supply  were  developed  properlv.  Based 
on  present  de\elopment  of  water  bodies,  there  is  a need  for  an  ad- 
ditional 1, 540  acres  of  unrestricted  boating  surface  .and  1,  540  acres 
of  restricted  boating  surface.  Hovyever,  through  improved  public 
•access  .and  provisions  of  recreation  facilities  at  existing  water 
bodies,  2400  additional  acres  of  unrestricted  boating  and  200  acres 
of  restricted  boating  can  be  provided. 

In  the  lower  portion  of  New  Hampshire,  studies  indicate  that 
there  is  .a  need  for  6,  300  acres  of  unrestricted  bo.iting  surf.ace 
.tnd  'i,800  acres  of  restricted.  Improvement  to  existing  water 
bodies  will  not  <add  appreciably  to  present  supply. 

In  essence  then,  the  northern  portion  of  New  H.impshire  with 
improvement  of  existing  bodies  shows  slight  deficit  of  recreational 
burl'ai'e  while  the  scuthern  portion  of  the  St.atc  shows  a much  larger 
deficit.  This  is  indicated  on  the  following  table. 
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1‘>SQ  Water  Surt'ace  Nft,*ds  in  H.irnp^i  hi  re 


N.-rcU 

Impro\cmfnt  of 
o xistiiip 

Not 


CRB  I 

B oatinp 
Un  rostricted 

1 , AGO  ao  re  s 

1,  4 00 

t ‘>00  acres 


Boa  tin  p 
R e s t r u t !-■  d 

1 . S l>  0 ,u  re 

2 00 

-1  , 300  a.  res 


Needs 


Impro\ement  of 
existing 


Net 


CRB  III 


B oatinp 
Unrestricted 


Bi'atinc 

13estrjcted 


b,  300  ac  re  s 


800  ac  res 


-b,  300  acres  -b,800  at  res 


3.  Vermont 

Within  the  State  of  Vermont,  tlie  water  surlace  needs  are  1 ',27(‘ 
acres  hy  l‘>80,  31,-4'^0  acri's  by  2(100,  ,ind  , I t'O  ,u  res  hv  ,'edO. 
requirements  are  37,000  acres  l)v  l‘*80,  87,800  bv  tlte  \ a-a  r 2 t'lU  , ,uid 
l‘S‘3,200  ,icres  Ity  the  year  2020.  There  is  ,i  greater  potenti.il  use  tor 
w .ite  r-oriented  recreation  in  Upper  Ventu'nt  th.m  in  Upper  N.w  Manp- 
shire.  Existing  v\ater  bodies  such  as  Moore*,  Comerford,  and  Wilde.- 
Power  Ri-si-r\oirs  can  supply  l.irge  are*, is  of  w.iter  to  nu'et  t ituri' 
needs,  however,  at  the  present  time  the  w.iter  qu.ilitv  oi  Moeire  ,md 
Comerford  is  not  adequate  for  recre.ition.il  use  .ind  m.iv  not  In-  ..v.i  li- 
able lor  con s ide r.ible  time  to  corne.  In  tlie  lower  part  .a  \'i  r”  ont, 
however,  there  is  an  acute  short. ige  ot  .iv.iil.ible  surf.ue  w.iti  r for 
recre.ition.  Improvement  to  existing  w.iter  bodiius  will  not  lie  suHu  u'i.l 
to  satisfy  the  l‘>80  needs.  It  will  be  necess.iry  for  the  people  ol 
lower  V'ermont  to  look  to  tiorthi  rn  Vermont  for  the  recre.ttion.il  sur- 
f.ice  to  mei't  their  needs. 


J 
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Considered  as  a whole,  the  surplus  in  the  northern  part  of  the 
basin,  both  by  improving  recreational  facilities  and  development 


of  new  facilities,  is  adequate  to  meet  the  need  exerted  in  the  north- 
ern and  southern  portions  of  the  basin.  The  1980  needs  for  rscrs- 
ational  water  surface  in  Vermont,  after  development  of  existing 
water  bodies,  is  shown  in  the  following  table. 

TABLE  2 IB 

1980  Water  Surface  Needs  in  Vermont 


Needs 

Improvement  of 
existing 

Net 


Needs 

Improvement  of 
existing 

Net 

4.  Massachusetts 


CRB  II 
Boating 
Unrestricted 

740  acres 


-740  acres 

CRB  IV 

Boating 

Unrestricted 

7,210  acres 

700 


Boating 

Restricted 

1, 050  acres 


-1 , 050  acres 

Boating 

Restricted 

4,270  acres 


-6,510  -4,270 


In  the  State  of  Massachusetts  the  1980  water  surface  needs  are 
25,  350  acres  which  would  be  expected  to  grow  to  49,  020  by  2000 
and  80,290  acres  by  the  year  2020.  The  associated  land  require- 
ments are  estimated  to  be  55,  950  acres  by  1980;  106,  300  by  the 
year  2000;  and  172,  500  by  the  year  2020,  Improved  public  access 
and  development  of  additional  recreation  facilities  in  the  existing 
water  supply  reservoirs  would  make  available  over  12,000  acres 
of  water  surface.  This  is  apparent  in  the  following  table; 
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TABLE  2 1C 


1980  Water  Surface  Needs  in  Massachusetts 


CRB  V 


Needs 

Improvement  to 
existing 


Boating 

Unrestricted 

1 3, 920  acres 

13,  000<^) 


Boating 

Restricted 

11,430  acres 

900<^) 


Net 


920  acres  10, 530  acres 


(1)  Includes  12,000  acres  in  water  supply  reservoirs. 

(2)  Includes  260  acres  in  water  supply  reservoirs. 

However,  the  State  rules  and  regulations,  approved  by  the  State 
Department  of  Public  Health  and  State  laws,  must  be  amended  be- 
fore contact  recreation  such  as  swimming  within  a water  supply  res- 
ervoir can  be  allowed.  A discussion  of  this  subject  is  contained  in 
Appendix  R.  Without  complete  use  of  water  supply  reservoirs  for 
recreation,  there  is  no  chance  for  meeting  the  needs  for  boating 
that  will  be  exerted  on  CRB  V by  1980.  In  fact,  even  with  the  use 
of  water  supply  reservoirs,  there  will  still  be  a considerable  deficit 
in  the  restricted  boating. 

5.  Connecticut 

In  the  State  of  Connecticut  there  will  be  a need  for  22,  140  acres 
of  water  surface  additional  by  the  year  1980;  33,  350  by  2000;  and 
68,800  by  the  year  2020.  The  associated  land  requirements  to  be 
44,  150^acres  by  the  year  I960;  87,850  acres  by  2000;  and  140,350 
acres  by  the  year  2020. 


As  the  figures  in  Table  20  show-,  the  shortage  of  water-oriented 
recreational  facilities  in  CRB  VI  is  severe.  Again,  a substantial 
portion  of  this  need  could  be  met  by  improvement  to  and  use  of  exist- 
ing water  supply  reservoirs.  The  following  table  illustrates  the  im- 
pact of  using  water  supply  reservoirs  for  recreation. 


I 
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TABLE  21  D 


1980  Water  Surface  Needs  in  Connecticut 


CRB  VI 

Boating  Boating 

Unrestricted  Restricted 

Needs 

Improvement  of 
e xisting 

Net 


14, 180  acres  7, 960  acres 
1,300(‘) 

-12,880  -7,960 


(1)  Almost  entirely  in  water  supply  reservoirs. 


Probably  the  greatest  source  of  recreational  water  surface  will  be 
the  main  stem  of  the  Connecticut  River  through  the  Hartford  to 
Holyoke  Recreational  Navigational  Project  and  by  development  of 
facilities  at  the  Bureau  of  Outdoor  Recreation's  Gateway  Unit. 


As  large  as  the  water  surface  requirements  appear  to  be,  the 
land  requirements  are  far  greater.  In  the  lower  portion  of  the  basin 
in  CRB  Areas  V and  VI,  due  to  the  rapidly  increasing  urbanization, 
there  is  a need  to  provide  adequate  open  space  for  present  and  future 
use.  In  the  northern  portion  of  the  basin  CRB  A.reas  I,  II,  III,  and 
IV,  although  the  pressures  of  urbanization  are  not  as  great,  there 
is  still  a need  to  preserv-e  the  unique  environmental  quality  that  pre- 
sently exists.  Although  the  pressures  exerted  by  the  population  are 
not  as  great,  they  still  exist  to  the  extent  that  they  will,  if  unchecked 
change  the  beauty  of  the  basin.  One  way  to  preserve  the  beauty  of 
the  valley  is  to  acquire  the  land  adjoining  our  streams  and  natural 
water  bodies  so  that  they  will  be  available  for  the  use  of  future  gen- 
erations. 


Finally,  due  to  the  tremendous  pressures  for  additional  water 
surface  area,  and  the  great  impact  that  use  of  water  supply  reser- 
voirs could  provide  in  meeting  this  need,  there  is  a nt'ed  to  study 
the  possibilities  of  making  contact  recreational  use  compatible  with 
water  supply  reservoirs.  At  present  there  is  limited  information 
available  in  New  Enghxnd  on  the  cost  of  provirling  f.u  ilities  at  water 
supply  reservoirs  or  the  certainty  that  proper  maintenance  can  be 
performed  to  present  any  likelihood  of  hi-alth  problems. 
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E.  ENVIRONMENTAL  PRESERVATION 


Till-'  h,i  r,i  tf  r of  thf  Connooticut  Ri\fr  ValUy  \.irifs  from  lor- 
I'st  to  urban  uiuitors,  from  ski  mountains  and  rollinit  hills  to  t oast. il 
marshes.  In  remote  eorners  where  man  h.is  not  been  a dominant 
elem.ert,  hare  wilderness  conditions  remain.  In.  popul.ited  are. is, 
intensitv  '■'>  land  use  and  vsater  m.inagement  can  .n'd  h.is  been  cli.inged. 

Thi'  Connei'tieut  River  Valley  h.is  little  true  wilderness  and  vet 
nature's  element  h.is  not  been  completely  remo\ed.  The  ei,\  iroi.- 
mental  qualitv  .ind  character  of  the  Connecticut  Ri\er  Basin  is  a na- 
tionally known  attraction  and  its  unique  qu.ality  is  not  found  in  any 
other  section  of  the  country.  Increasing  pressures  or  urb<ini/..ition, 
impro\  ed  highw.iys,  .ind  the  need  for  addition.il  outdoor  ree  re.itior,.t  1 
opportunity  are  gradually  diminishing  this  natural  resource.  Con- 
sequently, there  is  a need  to  t.ake  coordinated  .letion  to  retain  the 
present  en\ ironmental  qualiU'  of  the  Connecticut  Ri\'cr  Valiev.  There 
is  need  for  a coordinated  program  of  action  at  Federal,  St.ite,  .and 
loc.il  levels  to  insure  that  this  can  be  .iccomplished. 

Adequ.ite  l.ind  use  controls  and  ri\er  areas  .ire  of  m.ajor  c'oncern. 
Throughout  its  linear  course,  the  rix’ors,  hind  form,  bind  use,  and 
political  charai  ter  changes  frequently.  It  is,  tlierefore,  mandatory 
that  the  State  or,  where  necessary,  interstate  .agencies  act  in  an 
effecti\e  manner  to  safeguard  the  environmental  amenities  inh.erent 
in  various  reaches  in  the  Connecticut  River  B.asin.  This  cannot  be 
done  by  planning  alone.  Laws  must  be  established  .ind  funds  .ippro- 
priated.  Scenic  river  programs  must  be  conceivi-d  .ind  effected. 

The  program  must  accomplish  two  things;  first,  it  must  re- 
store, protect,  and  enhance  cultural,  scenic,  and  public  he.ilth  as- 
pects of  a ri\-er  \-.illey;  and  second,  it  should  pro\  ide  public  .uwess 
for  controlled  recreation  activity.  To  do  this,  .idequ.ite  land  use 
control  me.isures  must  be  established;  <ind  they  must  be,  te  be  most 
effecti\-e,  a cooperative  program  between  State  and  local  goveri;- 
iTi  e n t . 

There  is  a need  to  protect  our  existing  bind.  ,\s  noted  e.irlier, 
the  n.itur.al  torces  .ind  the  acti\ities  ol  m.in  di'scribi'd  in  ,A|ipendix  C> 
ol  this  report  h.i\  e resulted  in  .in  exception. i Il\-  scenic  landsc.ipe.  On 
a \-aried  and  .ittractive  form,  m.in  h.is  ere.ited  a p.ittern  of  towns, 
fields,  .ind  ^Orests  which  has  great  \ariety  .ind  \isu.il  .ippe.il.  In  (ii.inv 
instarues,  urhaniz.ition  and  industrialization  h.ive  been  cruellv  de- 
struetiie  of  both  natural  fe.itures  .ind  the  physic. il  rem.iins  of  m.in's 
past;  yet  tlie  Connecticut  Ri\i'r  B.isin  rem.iins  one  of  the  n.itum's  most 
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attractive  region?.  As  the  population  continues  to  grow  and  the  north- 
eastern megalopolis  becomes  more  consolidated,  there  will  be  an  in- 
creasing need  to  protect  our  existing  natura^  areas  and  historical  re- 
sources. Only  by  the  most  exerted  governmental  effort,  local.  State, 
and  Federal,  and  the  most  determined  commitment  by  the  people  of 
the  valley,  can  our  heritage  be  preserved. 

There  is  a need  to  do  the  following; 

- - Areas  of  significant  natural,  historical,  and  archeo- 

logical importance  should  be  identified,  designated  by 
the  government  at  local  and  State  levels. 

- When  historic  sites  are  selected  for  preservation,  in- 
creased attention  should  be  given  to  the  setting  which 
so  often  contributes  to  their  effectiveness  such  as 
Plymouth,  Vermont  vhere  the  virtually  unchanged 
village  adds  much  to  the  effectiveness  of  the  Coolidge 
Home. 

- There  is  a need  to  evaluate  the  historical  and  archeo- 
logical resources  described  in  Appendix  O as  to  their 
possible  inclusion  in  the  registry  of  national  historic 
landmarks  as  well  as  to  identify,  for  inclusion  in  the 
registry,  any  additional  sites  of  State  and  local  signif- 
icance 

- There  should  be  an  evaluation  of  the  natural  and  scientific 
resources  described  in  Appendix  O to  determine  the  sites 
of  national,  geologic,  ecologic,  or  scientific  impor- 
tance, if  any,  for  possible  inclusion  in  the  registry 

of  natural  or  environmental  landmarks, 

- Finally,  steps  should  be  taken  to  insure  that,  prior  to 
dev'elopment  of  any  extensi\-e  areas,  investigations  be 
undertaken  to  determine  the  natural,  historic,  or  archeo- 
logical importance  of  tlie  site  and  to  insure  that  where 
there  is  significant  value,  it  will  not  be  disturbed  or,  in 
lieu  of  that,  to  take  necessary  steps  to  mitigate  losses. 

Generally,  there  is  a need  to  preser\e  the  ox'orall  scenic  quality 
of  the  basin  by  sound  land-use  planning  and  effectiv'e  zoning  to  pre- 
vent the  scenic  quality  from  being  damaged  or  destroyed.  The  fol- 
lowing are  a feu  additional  problems  on  envir oninental  preservation. 


In  order  to  provide  a quality  setting  for  outdoor  recreation  in  the 
basin,  a vigorous  program  for  conservation  and  restoration  of  major 
natural  resources  and  scenic  elements  is  needed.  Natural  resources 
planning  should  include  programs  to  preserve  the  ecological  environ- 
mental conditions  to  make  possible  the  use  and  enjoyment  of  these  re- 
sources for  recreation.  Where  changes  occur  that  reduce  the  recre- 
ation value  of  land  and  water,  steps  must  be  devised  to  counteract 
the  ill  effects.  Changes  in  land  management  and  types  of  vegetation 
can  affect  such  factors  as  moisture  content,  transpiration,  evapora- 
tion, salinity,  and  the  level  of  the  water  table.  These  are  items  that 
affect  the  plant  and  animal  life  of  the  land  for  recreation  and  also 
have  an  effect  on  the  aquatic  population  of  our  streams. 

Although  this  is  not  truly  a water  resource  area,  there  is  a 
need  to  eliminate  the  pollutants  which  are  invading  our  atmosphere 
such  as  from  burning  dumps  and  from  an  occasional  industry.  The 
value  of  clean  air  to  the  valley,  to  a recreation-minded  State,  can 
hardly  be  exaggerated. 

The  unbroken  stretches  of  mountain  ridges  are  greatly  appre- 
ciated recreation  resources.  There  must  be  controls  to  prevent 
developments  such  as  ski  resorts,  roads,  power  lines,  and  the 
like  from  disrupting  this  scenic  beauty  of  the  ridge  line.  There 
is  a need  for  accelerated  acquisition  of  scenic  sites  and  strips  by 
easement  and  zoning  to  prevent  damaging  uses  of  land. 

There  is  a need  for  more  complete  landscaping  and  maintenance 
of  historical  sites.  An  example  would  be  that  farms  which  illustrate 
typical  rural  activity  be  purchased  and  set  aside  by  the  State. 


F.  ANADROMOUS  FISHERIES  RESTORATION 


1.  General 


The  four  basin  States  in  cooperation  with  the  U.  S.  Fish  and 
Wildlife  Service  have  agreed  to  support  a fishery  program  for  the 
basin  which  has  as  its  objective  realization  of  the  full  potential  of 
the  fishery  resources  of  the  basin  both  anadromous  and  resident. 
This  work  is  now  under  the  direction  of  the  Policy  and  Technical 
Committees  for  Fishery  Management  in  the  Connecticut  Basin.  The 
anadromous  portion  of  this  program  is  chiefly  concerned  with  resto- 
ration of  the  historical  runs  of  American  shad  and  Atlantic  salmon. 
The  shad  run  would  be  extended  from  its  present  upstream  limit  in 
the  Holyoke  pool  to  the  Bellows  Falls  pool.  The  salmon  run  would 
be  re-established  primarily  through  a hatchery  smolt-stocking  pro- 
gram upstream  to  the  major  spawning  habitat,  such  as  that  in  the 
White  and  Ammonoosuc  Rivers.  To  realize  the  full  objective  of 
this  program,  there  is  a need  for  action  in  five  areas,  namely: 

- Fish  passage  facilities 

- Fish  hatcheries 

- Stream  bank  access 

- Proper  interstate  regulation 

- Low  flow  augmentation  and  re-regulation  of  stream  flows. 

2.  Specific  Needs 

The  objective  and  requirements  of  this  program  are  more  fully 
elaborated  on  in  Appendix  G of  this  report.  Briefly,  however,  the 
needs  of  this  program  are  as  follows: 

a.  Fish  passage  facilities  at  the  five  major  dams  on  the 
main  stem  of  the  river  will  be  required.  Passage  facilities  at  the 
lower  three  dams  will  be  designed  for  both  salmon  and  shad.  The 
facility  at  Bellows  Falls  will  be  designed  primarily  for  Atlantic 
salmon;  however,  there  will  be  sufficient  use  by  American  shad 
to  provide  limited  additional  benefits. 

b.  Fish  hatcheries  are  needed  to  accomplish  the  salmon 
restoration  program,  which  has  as  its  goal  40,  000  adult  salmon 
at  the  river's  mouth,  Salmon  hatching  and  rearing  facilities 
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capable  of  producing  some  one  million  smolts  will  be  required.  It 
is  expected  that  the  goal  of  40,  000  salmon  will  be  achieved  by  the 
introduction  of  artifically  reared  smolts  and  the  maintenance  of  an 
expanded  smolt-stocking  program  and  natural  reproduction  in 
streams  such  as  the  Wliite,  Cold,  and  the  Ammonoosuc  Rivers. 

The  exact  number  of  hatcheries  required  to  produce  this  total  has 
not  been  determined,  but  five  locations  have  been  under  consider- 
ation- one  in  Vermont,  two  in  New  Hampshire,  one  in  Massachu- 
setts, and  two  in  Connecticut.  At  least  two  hatcheries  may  depend 
on  proposed  reservoirs  for  part  of  their  water  supply. 

c.  A key  to  the  restoration  program  is  the  acquisition  of 
land  so  that  the  public  may  avail  itself  of  the  fishing  opportunitic s 
resulting  from  historic  runs  of  Atlantic  salmon  and  American  shad. 
There  is  a need  to  acquire  sufficient  land  to  provide  the  necessary 
public  access  and  this  should  be  incorporated  on  a multiple -pu rpose 
basis  with  acquisition  needs  for  other  purposes  such  as  recreation 
or  resident  fish  or  flood  control. 


d.  To  assure  the  success  of  the  anadromous  fisheries 
restoration  program  and  to  attain  the  coordination  necessary  to 
optimize  benefits  from  the  program,  interstate  regulation  will  be 
necessary.  When  the  proposed  fisheries  become  a reality',  the 
four  States  involved  will  need  to  cooperate  to  establish  regulation 

to  maintain  the  fisheries  as  well  as  to  assure  that  each  State  shares 
equitably  in  the  related  fishing  opportunities. 

e.  Adequate  minimum  flows  are  essential  to  the  ultimate 
achievement  of  the  goals  of  the  anadromous  fishery  program.  Pre- 
liminary analysis  of  natural  flows  in  the  Connecticut  River  Basin  in- 
dicates that  from  a fishery  viewpoint,  the  instantaneous  minimum 
flow  release  at  the  main  stem  dams  along  the  Connecticut  River 
should  be  0.  Z5  cubic  feet  per  second  for  each  square  mile  of  drain- 
age area  upstream,  from  the  dam  in  question.  The  Coordinating  Com- 
mittee for  the  comprehensive  study  recognizes  the  need  for  adequate 
minimum  flows  and  has  recommended  that  the  power  companies  main- 
tain a minimum  instantaneous  release  of  0.20  cfs  at  the  existing  five 
main  stem  power  dams  with  the  remaining  flows  to  be  provided  bv  re- 
leases from  new  and  existing  tributary  reservoirs.  Again,  as  in  the 
case  of  stream  bank  acquisition,  increased  Hows  will  serve  multiple- 
uses  improving  both  the  quantity  and  quality.  It  should  be  noted  that 
these  increased  flows  will  also  enhance  such  related  uses  as  recre- 
ation and  water  quality  for  the  resident  fish  program. 


In  the  salmon  restoration  program,  the 
and  Ammonoosuc  River  in  New  Hampshire  a 


White  River 
re  regarded 
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objectives  of  the  proj;ram.  In  addition  to  these  two  streams,  by 
1980  Atlantic  salmon  are  expected  to  occur  in  the  Salmon  and  Farm- 
ington Rivers  in  Connecticut,  the  Westfield  and  Deerfield  in  Massa- 
chusetts, the  Cold  River  in  New  Hampshire,  and  the  West  River  in 
Vermont. 

G.  RFSIDENT  FISHERIES  AND  WILDLIFE 

1.  General 

Since  the  time  of  the  early  settlers,  development  of  the  Connecti- 
cut River  Basin  has  gradually  encroached  upon  the  available  fish  and 
w'ilcUife  resources  of  the  basin.  Initially,  fish  and  wildlife  was  im- 
portant as  a major  source  of  food  and  income  for  the  pioneers.  De- 
velopment of  agricultural  and  other  commercial  sources  has  caused 
the  importance  of  these  resources  as  a source  of  food  to  dwindle 
drastically.  However,  as  the  population  has  increased  and  urban 
living  has  become  predominant,  these  same  fish  and  wildlife  re- 
sources are  now  significant  in  pro\iding  a source  of  income  result- 
ing from  tlie  demand  for  outdoor  recreation.  Demand  for  recre- 
ation opportunities  has  grown  in  proportion  to  increased  population, 
improved  traveling  facilities,  and  increased  leisure  time  due  to 
higher  incomes  and  shorter  working  hours.  Surveys  of  fishing  and 
hunting  indicate  tliat  in  terms  of  basin  population,  we  shotild  plan  for 
tlie  needs  of  hunters  and  fishermen  v'.ithin  a population  of  1.  27  million 
people  in  I960;  1.  52  million  in  1980;  and  2.  3 million  in  2020,  This  is 
representative  of  that  portion  of  the  total  population  12  years  of  age 
or  over. 

2,  Demand 


From  field  sur\eys,  it  was  detcrmiru  d that  the  fishing  use  of 
the  basin's  lakes  and  streatns  was  .ipproximately  2,650,000  man-davs 
in  1960  as  noted  in  Appendix  G.  This  was  attributable  to  175,  000 

resident  fishermen  and  15,000  non-resident  fishermen.  The  projected 
demand  will  exceed  t>,s00,000  man-days  in  1980  and  12,000,000  man- 
days  by  the  year  2020.  Table  22  and  Table  2 3 present  tlu'  compari- 
son of  the  optimum  de\elupment  of  potential  supply  \ ersus  demand 
for  resident  fishery  resources  in  the  six  Connecticut  River  Basin 
areas.  Figure  14  shows  the  need  for  fislu  ry  resources. 

3.  Need 

The  need  for  arldilional  fish  and  wildlife  supply  within  the  b.isin 
depends  l.irgely  on  the  use  that  t an  i>e  madi'  of  existing  resovirces, 
f'or  I'X.imple,  the  deg  ri'e  to  widt  h existing  w.'iti'r  snpiilv  reser\'oirs 
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Opllrmi'n  development  i)Otentlal  of  supply  vs.  dem.ii.Mi  tor  reslde.'it  fishery  re,;  i 1 1 cei.  , 1 ii  l 

ri’l'I'H  HAS  IN 


1 9H_q 


Suppl y 

Oema  nd 

Need 

1 Ota  1 

bocal  ^ 

Without  Non-  Wltli  Nor- 
Hesldents llesldo  it  s 

Without  Non 
Hesld-jiits 

With  Non  - 
Hesldents 

w 1 1 lio'. 
Hesldi 

Area  1,  New  llampslilre 

Cold-water  Streans 

.iUIS,  500 

76,600 

75 , 000 

202, 400 

0 

0 

98, 

Warm -water  Streams 

.Id,  600 

0 

3,800 

10,200 

0 

0 

4, 

Cold-water  Po.nds 

395,200 

11,900 

90,000 

242,900 

0 

0 

117, 

Warm -water  Ponds 

125,900 

13,000 

18,700 

50,60') 

0 

0 

24, 

951 ,200 

101,500 

187,500 

506, 100 

0 

0 

245, 

Area  fl,  Vermont 

Cold -water  Strea.ns 

297,900 

52,200 

77,600 

137,200 

0 

0 

113, 

Warm-water  Streams 

38,000 

0 

6,500 

11,400 

0 

0 

9, 

Cold-water  Ponds 

270,300 

8,000 

86,200 

152,500 

0 

0 

126, 

Warm-water  Ponds 

198.800 

5.700 

45.300 

_80^U)C2 

0 

0 

_6S4 

805,000 

65,900 

215,600 

331,200  0 

MIDDLE  BASIN 

0 

315, 

Area  III,  New  Hampshire 

Cold-w.ater  Streams 

182,000 

35,000 

143,300 

232, 100 

0 

85,100 

220, 

Warm-water  Streams 

153,600 

0 

24,400 

33,700 

0 

0 

36, 

Cold-water  Ponds 

291,200 

15,000 

195,000 

309,400 

0 

33, 200 

294, 

Warm-water  Ponds 

539.300 

47.700 

121.900 

193.4)0 

0 

0 

183, 

1 

, 166,100 

97,700 

487,600 

773,600 

0 

118,300 

735, 

Area  IV,  Vermont 

Cold-water  Streams 

309,700 

73,900 

175,100 

270,700 

0 

34,900 

289, 

Warm-water  Streams 

185,700 

0 

35 , 000 

54,200 

0 

0 

57, 

Cold-water  Ponds 

146,000 

15,000 

131,400 

203 , 000 

0 

71,600 

216, 

Warm-water  Ponds 

155,800 

21,700 

96 . 300 

148,900 

0 

14.800 

158, 

797,200 

110,600 

437,800 

676,800 

0 

121,300 

722 

1/  Optimum  development  potential  assumes  that  pollution  will  be  abated  and  that  adequate  public  act 
closed  to  public  fishing  not  considered;  private  ponds  considered  at  50  percent  of  potential). 

2/  That  portion  of  the  total  supply  whlcli  constitutes  a fishery  of  restricted  or  local  slgnlflcanci 
non-resident  fishing  demand. 
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L’L’Hi  'Ji 

li 

19^0 

202j() 

fta  nd 

Need 

1 it-m. 

iii 

Ni 

•c  i 

Wltli  Nor- 

Wittiout 

Non-  Wltli  Noii- 

W 1 1 bo  it  No  1 

Wltli  Noil- 

Without  Non- 

with  Non 

HeslttO' It  s 

Hesldent 

S Kesldeiiis 

Hesldeiit  s 

Hes Ident  s 

Ke  s Ide  n t_s 

lie  side  fit 

20:2,  IDO 

0 

0 

98,000 

364, 100 

0 

45 , 200 

10,200 

0 

0 

4, 900 

18,200 

0 

0 

242,iH)0 

0 

0 

117,60  ) 

436 , 900 

0 

53,600 

, 50^900 

0 

0 

24,500 

91,000 

0 

0 

506,100 

0 

0 

245 , 000 

910,200 

0 

98,800 

137,200 

0 

0 

113,400 

273,400 

0 

27,700 

11,400 

0 

0 

9,400 

22,800 

0 

0 

152,500 

0 

0 

126,000 

303,700 

0 

41,4  Oil 

80.  100 

0 

0 

66,200 

159.500 

0 

0 

381,200 

0 

0 

315,000 

759,400 

0 

69,100 

MIDDLE  UASIN 


232, 100 

0 

85,100 

220,500 

410, 100 

38,500 

228,100 

38,700 

0 

0 

36,800 

68,400 

0 

0 

309,400 

0 

33, 200 

294 , 000 

546,800 

2,800 

255,600 

193.4)0 

0 

0 

183,700 

341.700 

0 

0 

773,600 

0 

118,300 

735,000 

1,367,000 

41 ,300 

483,700 

270,700 

0 

34,900 

289,000 

500, 200 

0 

211,200 

54,200 

0 

0 

57,800 

100, 000 

0 

0 

203 , 000 

0 

71,600 

216,800 

375,200 

70,800 

229,200 

148.900 

0 

14.800 

158,900 

275, 100 

3,100 

119.300 

676 , 80v/ 

0 

121,300 

722,500 

1 ,250,500 

73,900 

550,700 

II  will  be  abated  and  that  adequate  public  accenc  vlll  be  provided  (water  supply  reservoirs  currently 

lids  considered  at  50  percent  of  potential). 

I 

fe  fishery  of  restricted  or  local  significance  anc!  cannot  logically  be  used  to  satisfy 
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Opllmum  development  potential^  of  supply  vs.  de  a<i  id  for  rest  lout  fishery  real 

1.0Wi:i{  UA.SIN 


li)8() 

Demayid Need Uem-iiid 


Suppl  y 

Without 

Wit)'. 

Without 

Wlt)i  Wltliout 

Wltl 

Area 

Patent 

latent—'^ 

Patent 

I.atent—  Patent 

l.at) 

_ Type  sj^e r^ 

Demand 

Deioand 

Demand 

Demand  De.ma  nd 

De^i 

Are.a  V,  Massachusetts 

<^’old-water  Streams 

406,100 

409,600 

518,900 

3,500 

112,80)  771,200 

942 

Warm-water  Streams 

414,900 

136,600 

173,000 

0 

0 257,100 

314 

I'old-water  Ponds 

335,60) 

512,000 

648,700 

176,4  )0 

313,100  964,000 

1 , 177 

Varin-water  Poids 

770,100 

648,600 

821,600 

0 

51,500  1,221,000 

1,491 

1 , 926,700 

1,706,800  2,162,200 

179,900 

47;, 400  3,213,300 

3,926 

Area  VI,  Connecticut 

Cold-water  Streams 

242,700 

367,500 

482,800 

124,800 

240,100  846,200 

1 , 057 

Warm-water  Streams 

443,600 

306 , 200 

4 02,3  )0 

0 

0 705,200 

881 

Cold-water  Ponds 

211,600 

471,600 

619,600 

230,000 

378,000  1,086,000 

1,357 

Warm-water  Ponds 

^26^7J)Q 

385,900 

507.000 

117.200 

238.300  888.600 

L.-II9 

1,196,600 

1,531,200  2 

,011,700 

4'72,00() 

850,400  3,530,000 

1,4DS 

1/  Optimum  development 

potent lal 

as.sumes  that 

pollut Ion 

will  be  abated  and  that  alnquate  publl 

(water  supply  reservoirs  currently  closed 

VO  public 

fishing  not 

considered;  private 

ponds 

^ A measure  of  latent 

denvand  can 

be  oh  tallied 

If  we  assume  tliat  the 

difference  between 

Natlonaj 

average  participation  rates  reflect  an  unfulfilled  denvind  which 

ca  1 )>e  satisfied  If 

adeq  untj 

available  within  the  subarea. 
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TABLE  23 
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t potential^  of  supply  vs.  doiuid  for  rosl.iuut  fishery  resources  (In  fisherman-days) 

I.OWKH  IV\S1N 

LtHi) 


I)ema_nd Need Dema  nti Need 


ltho.it 

With. 

Without 

With 

W t thout 

With 

Without 

With 

Itent 

1 atent-^ 

l.atent 

l.H  tent.=^' 

l.atent 

Datent-/ 

l.atent 

la  lent  — ^ 

smand _ 

Oeioand 

Demand _ 

Demand 

Demand _ 

Dema nd 

Demand 

Demand 

)9,600 

518,900 

3,500 

112,800 

771,200 

942,300 

365,100 

536,200 

J6,60D 

173,000 

0 

0 

257,100 

314, 100 

0 

0 

12,000 

048,700 

176,4  )0 

313, 100 

964,000 

1 , 177,900 

628,400 

842,300 

18,600 

821,600 

0 

51 ,500 

1,221,000 

1,491,900 

450,900 

721,800 

)0 , 800 

2, 162,200 

179,900 

477,400 

3,213,300 

3,926,20'.) 

1,444,400 

2, 100,300 

J7,500 

482,800 

1 24,800 

240, 100 

846, 200 

1,057,900 

603,500 

815,200 

)6,200 

40.2, 3 )() 

0 

0 

705,200 

881,600 

261,600 

438,000 

71,600 

619,600 

230, 000 

378,  0')0 

1,086,000 

1,357,700 

844,400 

1,116, 100 

^5.900 

507.000 

117.200 

238.300 

888.600 

IlII()i.800 

619.900 

842.100 

M , 200 

2,011.700 

472,000 

856,400 

3,530,000 

4,403,000 

2,329,400 

3,211,400 

Mies  that  pollution  will  be  abated  and  that  ai'jquate  public  access  will  be  provided 
f closed  VO  public  fishing  not  considered;  private  ponds  considered  it  50  percent  of  potential). 

obtaliied  If  we  assume  Uiat  the  difference  between  National  Survey  (1960)  and  Area  V and  Area  Vi 
Jt  an  unfulfilled  denvind  which  ca  i be  satisfied  If  adequate  fishing  opportunities  were 


582,500 


628,800 


2,100,300 


3,211,400 


i 
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FIGURE  14 


can  be  used  for  fishing.  An  evaluation  of  existing  and  projected  un»  ♦ 

satisfied  demand  for  resident  fishery  resources  is  shown  on  Table 
22  and  23  and  Figure  14. 

In  addition  to  the  need  for  additional  opportunities  for  fishing 
and  hunting,  there  is  also  a need  to  solve  the  many  problems  pre- 
sently facing  the  fish  and  wildlife  resources.  Significant  among 
these  are: 

- Lack  of  public  access 

- Pollution 

- Points  of  extremely  low  flow 

- Single  purpose  use  of  water  areas  for  hydroelectric 
regulation 

- Diversion  of  water  for  pumped  storage  and  water 
supply  use 

- Thermal  loading 

- Barriers  to  fish  passage 

- Sand  and  gravel  dredging 

- Insufficient  amounts  of  fishing  habitat  in  reasonable 
proximity  to  population  centers. 

Wildlife  resources  capable  of  meeting  needs  are  also  limited 
by  lack  of  public  access  in  addition  to  destruction  or  alteration  of 
habitat. 

4.  Specific  Problems  and  Needs 

Providing  adequate  fishing  opportunities  to  satisfy  future  de- 
mands is  possible  in  the  Upper  Basin,  but  becomes  increasingly 
difficult  in  the  Middle  and  Lower  Basins.  The  follo.ving  table  shows 
why  the  Upper  and  Middle  Basins  are  so  attractive  to  recreationists: 
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TABLE  ^4 

AVAILABLE  SURFACE  WATER  AND 
STREAM  BY  SUB-BASIN 


Acres 

Miles 

Significant 

Significant 

CRB 

Lakes 

Streams 

1 

14,509 

796 

11 

10,285 

668 

III 

15, 633 

568 

IV 

7,077 

954 

V 

32, 871 

1, 059 

VI 

7,  181 

495 

TOTAL 

87,  55 

4,  540 

1980 

202 

0 

Per 

Capita 

Per  Capita 

Acres 

Miles 

Acres 

Miles 

Lakes 

Streams 

Lakes 

Stream 

. 439 

. 024 

. 372 

. 02 

. 271 

, 018 

, 206 

. Oli 

. 166 

. 006 

. 126 

. 005 

. 081 

. Oil 

. 058 

. 008 

. 042 

. 001 

. 029 

. 0009 

. 007 

. 0005 

. 004 

. 0003 

(1)  Water  supply  reservoirs  closed  to  fishing  have  been  omitted. 

Most  fishermen  are  not  satisfied  with  . 007  acres  per  capita  of 
fishing  water  in  Connecticut  when  a 3 to  4-hour  drive  can  take  them 
into  northern  New  Hampshire  where  .439  acres  per  individual  is 
available.  Also  by  2020  stream  fishing  opportunities  in  Massachu- 
setts and  Connecticut  will  be  even  more  limited. 


One  of  the  most  important  problems  throughout  the  basin  is  that 
of  public  access.  Much  of  the  land  is  becoming  restricted  through 
the  use  of  "No  Trespass"  signs.  Even  remote  areas  are  now  suffer- 
ing from  the  influx  of  residents  in  increasing  numbers  and  "No  Trcs 
pass"  signs  are  becoming  common  throughout  the  basin. 


Due  to  development  along  the  shoreline  of  our  ponds  and  lakes, 
public  access  is  either  limited  or  unavailable.  Unless  access  was 
established  long  ago,  there  is  no  room  to  establish  it  now.  Access 
is  generally  limited  to  private  ramps  and  on  many  great  ponds, 
shoreline  access  is  non-existent.  Assured  public  access  to  great 
ponds  is  a State  and  local  problem  that  must  be  solved  preferably 
by  enforcement  of  existing  laws  rather  than  enactment  of  new  ones. 


State  and  Federal  streambank  acquisition  is  imperative  if  the 
public  sport  of  cold-water  stream  fishing  is  to  continue  on  a moder- 
ately large  scale  in  the  Connecticut  Basin.  Also,  with  the  resto- 
ration of  Atlantic  salmon  and  increased  runs  of  American  shad,  ac- 
cess to  streams  supporting  these  species  will  have  premium  values. 
Acquisition  now  in  the  public  interest  is  absolutely  necessary  even 
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thou^li  the  cost  i)t  such  .icquisition  may  exceed  tlie  cost  ol  all  c>ther 
aspects  ol  the  program  including  species  restoration,  fish  ladders, 
and  necessary  hatchery  facilities.  It  is  itnportant  to  note,  ho\>.e\<.  r, 
tliat  the  purchase  of  such  lands  would  pro\ide  multiple-purpose  bene- 
fits <ind  would  assure  recreational  access  for  all  future  generations. 
The  value  of  such  access  is  so  far-reaching  that  it  should  not  be 
weighed  against  benefits  occurring  during  the  normal  lOU-vear  pro- 
ject life.  Each  of  the  basin  States  h.is  an  acti\’e  program  for  ai  - 
quisition  and  de\elopment  to  make  fishing  waters  available  for  pub- 
lic use.  Lake  and  stream  frontage,  however,  is  rapidly  becoming 
so  expensive  that  future  acquisition  for  this  purpose  may  be  greatlv 
curtciiled.  It  becomes  urgent,  therefore,  th.it  ac(]uisitii)ii  progr.ims 
be  ;icce  le  rati’d  if  public  access  for  fishing  is  to  be  .issumed  for  the 
future. 

Pollution  is  widespread  in  the  Connecticut  River  B.isin  due  to  a 
wide  variety  of  industrial,  municipal,  and  domestic  w.istes.  The 
entire  Connecticut  Ri\er  from  Groveton,  New  Hampshire  to  Long 
Island  Sound,  Connecticut  can  be  considered  polluted  to  tlie  degree 
that  it  affects  fish  or  fishing.  While  a vast  fishery  exists,  many 
fishermen  associate  the  river  with  pollution  and,  therefore,  hesi- 
tate to  use  its  fishery  resources. 

.A,  particularly  bad  stretch  of  river  is  the  50-mile  reach  of  the 
main  stem  between  Groveton  and  Monroe,  New  Hampshire.  This 
reach  includes  the  3,500-acre  Moore  Reser\oir  which  could  pro- 
vide excellent  trout  and  land-locked  salmon  fishing.  From  Monroe, 
New  Hampshire  to  W'hite  River  Junction,  pollution  is  less  se\ere  in 
this  60-mile  reach.  However,  it  is  sufficient  to  deter  significant  use 
of  the  existing  fishery  resources. 

The  t)5-mile  reach  of  the  main  stem  between  Hatfield,  Massa- 
chusetts and  Middleton,  Connecticut  is  polluted  due  to  a combination 
of  domestic  .ind  iitdustrial  wastes.  As  noted  in  Appendix  G of  this 
report,  the  bacteriological  quality  of  the  w.iter  does  not  meet  the 
objectives  most  commonly  used  by  water  pollution  coi\trol  agencies. 
Domestic  sewage  .and  industrial  wastes  produce  sludge  dept)sits 
throughout  the  main  stem  of  the  river  from  below  Holvoke  Dam  to 
Enfield  Dam  in  Connecticut.  The  sludge  which  covers  the  river  bot- 
tom interferes  with  fish  spawning  ,ind  the  development  of  insect  l.irvae 
.ind  other  aqu.itic  life  which  serve  .is  food  for  fish. 

In  addition  to  present  needs  to  ab.ate  pollution  oti  tlie  m.iin  stem, 
over  400  miles  of  tributary  streams  .ire  polluted  to  .i  degree  which 
.iflects  fish  or  fishing.  Includeil  .ire  such  stre.ims  .is  the  Hock. mum 
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and  Pequabuck  Rivers,  Connecticut;  the  Chicopee,  Millers,  and 
Westfield  Rivers  in  Massachusetts;  the  Ashuelot  and  Sugar  Rivers, 

New  Hampshire;  and  the  Black  and  Ompompanoosuc  Rivers,  Ver- 
mont. There  is  a need  for  abatement  of  pollution  caused  by  indus- 
trial, municipal,  and  domestic  wastes  so  that  these  resources  can 
be  used  to  meet  future  fishing  demands.  It  is  estimated  that  elimi- 
nation of  pollution  coupled  with  sufficient  public  access  should  result 
in  an  increase  of  1, 000,  000  fishermen  days  valued  at  $3,  000,  000. 

Another  source  of  trouble  is  thermal  pollution  uhich  can  origi- 
nate from  power  generating  facilities  which  use  river  water  for 
cooling  purposes.  Large  thermal  electric  plants  can  cause  signif- 
icant water  temperature  increases  due  to  their  tremendous  output 
capability  and  corresponding  use  of  cooling  waters.  It  is  necessary 
that  such  plants  insure  that  resulting  water  temperatures  in  the 
river  are  not  raised  to  a degree  which  would  have  an  adverse  effect 
on  ecology. 

Extreme  flow  variation  characterizes  almost  all  streams  in  the 
basin.  There  is  usually  too  much  water  during  the  spring  runoff 
period  resulting  in  bank  erosion  and  bottom  scouring  while  during  the 
late  summer  flows  are  reduced  to  only  a fraction  of  early  summer 
flows  anc.  fishing  again  is  severely  curtailed.  Multiple -purpose  res- 
'rvoir  structures  capable  of  pro\iding  low  flow  augmentation  could 
alleviate  these  stream  flow  problems.  Low  flow'  augmentation  from 
deep  cold  water  reservoirs  would  greatly  benefit  most  stream  fisher- 
ies particularly  those  in  the  southern  half  of  the  basin  while  water 
temperatures  are  above  acceptable  levels  for  trout  during  the  warm 
summer  months.  The  addition  of  cold  water  would  extend  quality 
stream  fishing  conditions  into  and  possibly  beyond  the  critical  late 
summer  period. 

The  Coordinating  Committee  on  September  24,  1P6P  released  a 
"Position  Paper"  on  the  relicensing  of  Wilder,  Bellows  Falls,  Ver- 
non, and  Turners  Falls  hydroelectric  projects.  The  "Position  Paper" 
indicated  that  a minimum  instantaneous  flow  release  of  0.  2S  cvibic 
feet  per  second  per  square  mile  should  be  maintained  at  each  of  the 
four  structures,  that  is  these  flows  are  necessary  for  attaining  goals 
of  the  Connecticut  River's  anadromous  fisheries  restoration  pro- 
gram now  in  progress.  On  this  basis,  the  flow  at  each  dam  would 
be:  Wilder  - 850  cfs.  Bellows  Falls  - 1,350  cfs,  Vernon  - 1,550  cfs; 

and  Turners  Falls  - 1,780  cfs.  The  Committee  concluded  that  ('.20 
esm  of  the  0.25  esm  was  the  responsibility  of  the  power  companies. 

As  noted  previously,  the  need  for  public  fishing  areas  is  most 
acute  in  the  southern  half  of  the  Connecticut  River  Basin.  The  Lower 
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Basin  is  more  densely  populated,  water  quality  control  is  more 
acute  because  of  more  intensive  development,  and  land  ov.ner 
posting  against  trespass  is  more  videspread.  Altliough  there 
are  many  natural  ponds  and  lakes  in  Massachusetts  where  public 
fishing  is  guaranteed  by  law,  public  access  is  not  a certainty  un- 
less designated  public  rights-of-way  exist. 


H.  WATER  SUPPLY  NEEDS 


1.  General 

The  water  resources  of  the  Connecticut  River  Basin  are  ab’un- 
dant.  The  development  of  this  natural  resource  by  municipal  and 
private  interests  has  been  extensive.  The  development  of  water 
supply  sources  in  the  basin  has  taken  place  over  m.any  years,  v.itli 
less  than  5%  of  tlie  sources  being  developed  since  I960.  Many  mu- 
nicipal systems  through  the  years,  however,  have  extended  their 
service,  provided  Treatment  facilities  or  have  augmented  original 
sources  of  supply  by  the  addition  of  new  sources. 

The  quality  of  the  present  vater  supplies  of  the  Connecticut 
River  Basin  is  generally  good.  Throughout  the  basin  only  1 of 
the  municipal  systems  provide  treatment  to  v.ater,  other  than  dis- 
infection. Within  the  subareas  of  the  basin,  the  degree  of  treat- 
ment varies.  In  general,  however,  the  munici’pal  sources  in  Ver- 
mont and  the  northern  part  of  New  Hampshire  do  not  provide  any 
treatment  other  than  chlorination  while  the  municipal  sources  in 
southern  New  Hampshire,  Massachusetts,  and  Connecticut  afford 
some  treatment  to  over  20%  of  the  number  of  sources. 

Water  supply  needs  were  delineated  as  thc.ise  requirements 
within  the  basin  and  tliose  requirements  out  of  the  basin.  An  inven- 
tory was  made  of  existing  or  developable  sources  both  surface  and 
ground.  Future  projections  of  need  were  based  on  anticipated  popu- 
lation growth,  as  noted  in  the  economic  projections  developed  tor 
the  cumprehensi'.  e study.  Increases  in  per  capita  consumption  as 
well  as  in  industrial  consumption  were  made  on  the  basis  of  the 
best  available  data  and  are  discussed  in  detail  in  Appendix  D.  Rural 
requirements  for  domestic  needs  and  livestock  are  discussed  in 
Appendix  F.  Those  latter  are  projected  to  increase  significantly 
but  would  not  present  a serious  pi-oblein  in  the  basin  owing  to  the 
generous  ground  water  supply  of  the  Upper  Basin  where  tliis  acti\  it\' 
is  concentrated.  In  the  lower  tributary,  along  the  main  stem,  where 
irrigation  demands  are  currently  located,  there  are  adequate  river 
flow  s. 

The  basin's  total  municipal  and  industrial  water  supply  demand 
amounts  to  an  estimated  50'i  million  gallons  per  day,  mgd.  This  de- 
mand comes  from  tlic  basin's  municipal  water  systems  and  from  its 
industrial  complex  exclusive  of  electric  utilities  and  mineral  industries. 

As  population  and  industrialization  of  the  basin  increase,  water 
supply  detnands  will  similarlv  increase.  By  202.('  the  wati-r  supply 
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demands  of  municipalities  arid  industries  are  expected  to  more 
than  double  the  present  demand  of  505  mgd,  Certairi  areas  of  tfie 
basin  can  be  expected  to  experience  a much  greater  rate  of  in- 
crease than  the  basin  viewed  as  a whole. 

The  sources  of  water  for  the  municipalities  and  industries  are 
general!/  adequate  to  meet  prvsent  needs.  Similar!’',  the  quality 
of  present  supplies  poses  ft;w  problems  to  the  basin's  water  supply 
needs.  Future  demands  will  necessitate  the  development  of  water 
supply  not  hitherto  utilized  due  to  previous  availability  of  more 
economically  attractive  sources. 

The  projected  in-basin  demands  fur  municipal  and  privately 
supplied  industrial  water  supply  in  imllion  gallons  per  day  (mgd) 
are  as  follows; 


I'^bO 

l'*80 

2000 

2020 

Municipal 

178,  6 

278.  8 

■iSZ.  a 

66  3.9 

Industrial 

326.  6 

359.  9 

411.8 

463.  7 

505.  2 

6 38.  7 

843.  8 

i 127.  6 

The  water  requirements  for  industrial  cooling  and  cooling  of 
thermal  electric  power  generating  units  arc  not  included  in  the 
above  figures.  These  industries,  located  along  the  main  stem  of 
the  river,  are  the  largest  water  users  in  the  basin;  but  because 
they  are  located  close  to  ample  river  flows  and  generally  do  not 
consume  the  water,  their  demand  upon  municipal  supply  systems 
is  small. 

2.  Municipal  Water  Supply 
a.  Consumption 

The  New  England  States  in  I960  had  a population  of  10.  51 
million  of  which  9.  30  million  or  89%  were  served  by  muracipal 
water  syatemB.  In  the  Connecticut  River  Basin,  approximately 
86%  of  the  basin  population  of  1.  68  million  people  were  supplied 
•\ater  from  community  sources.  A breakdowT,  of  population  and 
water  supply  depend<mcy  is  contained  in  Section  III  of  this  appendix. 

Estimates  of  the  wat'-r  supplied  by  municipal  systerns  are  shown 
in  the  following  table  and  represent  the  average  daily  amo'unt  of  water 
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in  millions  gallons  per  day,  mgd,  supplied  by  community  v.ater 
supply  systems  to  both  domestic  and  non-domestic  consumers  and 
is  termed  the  community  water  supply  demand,  CWSD. 

TABLE  25 

COMMUNITY  WATER  SUPPLY  DEMAND 
CONNECTICUT  RIVER  BASIN 
1960 


C RB  Subdi\’ision 

I II  II]  IV  V VI  TOTAL 

Community  Water  Supply  4.  2 2.  9 7.  5 5.  4 84.  5 74.  1 178.  o 

Demand,  mgd 

Percent  of  basin  cwsd  2 2 4 1 47  42  l(if. 


Municipal  water  systems  in  Nev.  England  supplied  1103  mgd  in 
1960.  Table  25  indicates  tliat  approximately  1 o%  of  this  amount  was 
provided  from  municipal  systems  located  'Aithin  tl'.e  Connectii :ut  Rivt  r 
Basin.  Further,  almost  90%  of  community  water  supplied  by  svstems 
in  the  basin  was  provided  by  municipal  systems  located  in  basin  sub- 
divisions CRB  V and  CRB  VI. 

Section  III  of  this  appendix  indicates  that  14  key  areas  in  th.e 
Connecticut  Riv^er  Basin  accounted  for  approximatelv  87%  of  the 
total  water  supplied  from  municipal  systems  and  constituted  fron. 

38  to  98%  of  the  municipal  water  supplied  in  ach  basin  subdivision. 

Municipal  per  capita  use  lates  vary  within,  the  b.isin  sululi\ isions. 
Per  capita  rates  by  sub-basin  for  the  years  of  l‘j58  and  l^bi  are  shown 
in  Appendix  D together  with  a comparison  of  the  per  capita  rates  for 
selected  municipalities.  Usage  of  municipal  w.it<‘r  in  New  England 
and  the  Connecticut  Rivi’f  Basin  .iver.ige.-;  .ibout  I 17  and  124  gpi  d 
respecti\ely. 
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b.  Se. 


1 Daily  Variations 


As  noted  ii  Appendix  D municipal  water  c.y»>tr!Ti8  are  sub- 
ject to  seasonal  e:ie.  's  brought  about  by  temporary  changes  in  the 
location  of  the  popul  ition,  seasonal  operations  in  Cf  rtain  industries 
and  weather  condJti.-n».  The  popularity  of  the  Connecticut  River 
Basin  for  recreation  and  the  educational  opportarotit  s afforded  by 
the  region  are  tlie  main  factors  for  the  seasonal  alfects  experienced. 
Such  variations  are  , realed  mainly  by  a large  increase  in  summer 
residents,  tourists,  and  students. 

Variations  irom  ■ -erage  daily  demai,ds  may  also  be  expected  as 
a result  of  a conibin.i  tion  of  factors  including  the  population  served, 
the  environment  of  tn--  i ornmunity,  the  amount  and  type  of  industry 
using  the  municipal  /stem,  and  the  weather. 

c.  Projec  I i.i.s 


Projections  community  water  supply  po[ji:  lions  indicate 

that  withiii  the  ba -iiu  .m  n whole  the  population  win.  li  Mill  be  utilizing 
community  systemf.  ill  increase  in  excess  of  40"!  during  each  tw'enty- 
year  period  up  t ■ thr  year  2000.  After  the  year  20O0,  the  rate  of  in- 
crease will  be  slightl'-  slower  amounting  to  about  ^7%  increase  in  the 
interval  between  the  year  2000  and  2020.  Projections  of  municipal 
water  use  in  New  hu. gland  indicate  that  by  the  year  20u0  requirements 
will  double  those  of  l‘ih0.  In  the  twenty-year  period  from  I960  to 
1980  water  requirements  in  New  England  are  projected  to  increase 
about  48%  and  from  1 ,iH0  to  2000  will  increase  by  about  17%,  Pro- 
jections of  community  water  supply  use  by  sub-basin  aiea  are  shown 
in  the  followinw;  t.itilc. 


TABLE  2b 

COMMUNli  . WATER  SUPPLY  RECJUIH EMENTS 


Av'erage  Dail\  Require  i.  a nt  s in  mgd 

19i  0 1^80  200(  To20 


Basin 

Subdivision 

CRB  I 
CRB  II 
CRB  III 
CRB  IV 
CRB  V 
CRB  VI 

TOTAL 


4.2  5. 

2.-»  4.5 

7.  12.  1 

5.4  10.  O 

S4.  5 122.  1 

74.  1 124. 2 

178.  b 278.8 


10.  1 

1 =>.  b 

7.  b 

1 1. 

20.  • 

<4.  4 

i:’.  0 

2b.  5 

18  3.  2 

2 V4.  5 

P<3.  2 

100.  5 

4 12.  ( 

bbl.  q 
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The  water  required  by  the  industrial  complex  is  utilized  for 
purposes  of  process  water,  cooling,  and  air  conditioning  and  boiler 
feed  purposes.  Approximately  8%  of  the  total  water  use  by  manu- 
facturing industries  is  for  boiler  feed  purposes  while  the  remaining 
92%  is  utilized  equally  between  process  uses  and  cooling  and  air 
conditioning  uses.  In  the  aggregate,  future  water  uses  are  not  ex- 
pected to  vary  significantly  from  the  uses  reflected  by  these  per- 
centages. 

The  manufacturing  establishments  currently  supply  approxi- 
mately 85%  of  the  water  demand  of  the  industrial  c omplex  through 
private  development  of  surface  and  ground  supplies.  The  private 
industrial  supplies  are  expected  to  provide  a similar  portion  of  the 
total  industrial  demand  in  the  future. 

d.  Major  Water  Using  Industries 

Although  all  industries  utilize  water  to  some  extent,  there 
are  selected  industries  which,  because  of  their  processes,  use  sig- 
nificantly more  water  than  others.  The  major  industries,  as  used 
in  this  report,  have  been  taken  to  mean  the  major  water  using  indus- 
tries. Requirements  of  major  water  using  industries  by  sub-basin 
area  are  shown  in  Table  27  . Sources  of  industrial  water  in  the 
six  sub-hasins  are  show'n  in  the  following  table. 

TABLE  27 

SOURCES  OF  INDUSTRLAI.  WATER 
1960 

Private  Percent 

Basin  Sources  Privately 

Subdivision  Use-mgd nigd Supplied 


CRB  1 

41.6 

CRB  II 

5.  5 

CRB  III 

27.  7 

CRB  IV 

5.  9 

CRB  V 

1 32.  0 

r.  RB  VI 

17  3.  ) 

totals 

386.  3 

4 0.  5 

9 7 

4.  4 

80 

2 5.  4 

92 

3.  8 

6 5 

106.  8 

HI 

146.  1 

84 

32(..  t. 

85 
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The  u»e  of  water  by  all  indubtnal  afUvitiet>  in  New  Lngland  in 
1959  totaled  1,949  billion  gallons,  or  a little  ^ess  th.an  5%  of  the 
nation'*  induetriai  usage.  In  tlie  period  trom  l‘^54  to  1959,  New 
England's  industrial  water  usage  increased  b-  about  117  bg  or  an  in- 
crease of  6.  47o  over  the  1954  usage.  As  compared  with  the  national 
increase,  New  Er. gland's  increase  in  water  usage  was  about  one— third 
of  thie  nation's  increase  of  IB^o  di.rmg  this  same  period. 


Of  the  1,949  bg  of  water  used  in  New  England  ii,  1959,  556  bg 
or  28.  57)  was  used  by  the  manufac  turir  g industries;  1,  385  or  71.  17o 
was  used  by  the  public  electric  vitiiily  plants,  and  8 og  or  0.  47o  was 
used  by  tlie  mining  industries. 

Although  data  relative  to  industrial  w.iter  usage  with.in  the  Con- 
necticut Fliver  Basin  is  not  available,  it  is  considered  that  water 
usage  data  in  the  fo'ir-State  area  general!''  reflects  the  industrial 
make-up  of  the  Connecticut  River  Basin. 

Water  usage  by  industrial  manufacturing  groups  in  the  four 
States  of  New  Hampshire,  Vermont,  Connecticut,  and  Massachusetts 
in  1959  totaled  405  bg  for  process,  cooling,  and  air  conditioning  and 
boiler  feed  purposes  as  comparcn  with  a usage  of  556  bg  by  the  New 
England  region  for  si'  dlar  purposes. 

Studies  indicate  that  in  the  New  England  region  and  also  in  the 
four-state  are.i,  the  paper,  transportation,  machinery,  and  chemi- 
cal industries,  combined,  utilize  approximati  '.y  1Q%  of  the  manu- 
facturing industrial  water  demand.  Of  the  remaining  industries  in 
tlie  four-state  at'  . , only  two  industries,  rubber  and  plastics,  and 
prirnary  metals,  mdi viclu.illy  kise  ii,  excess  of  57o  of  the  total  indus- 
trial usage. 

Major  portions  of  Lbe  basin's  population  and  rr.ur.tcipai  water 
supply  rec|ui r me Ti t. s are  concentrated  in  c''*rtain  areas  of  the  basin. 
Projections  were  made  of  the  w.al>  r supply  needs  of  these  larger 
community  are  --  in  the  basir-  and  ire  shown  in  Tanle  Zh  . The 
assumption  is  U.at  the  prest  ;:t  s'y'Stems  will  be  extend*  d in  tin* 
future  to  serve  Contiguous  areas  not  presently  served. 

e.  Supply  Capability  and  Potential 

Data  from  the  1^1.3  invi-ntory  f municipal  wat.  r facilities 
have  been  used  to  determine  th.e  supply  capability  of  n-ur.icipal 
systents. 
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A comparison  was  made  of  the  estimated  minimum  safe  yields 
of  the  municipal  water  systems  and  future  demand  by  sub-basin. 
From  this  comparison  it  was  generalized  that  by  1980  the  mu- 
nicipal water  systems  in  all  but  sub-basin  areas  CRB  IV  and  V will 
be  inadequate  to  meet  the  future  demands.  A comparison  of  future 
needs  and  the  minimum  safe  yield  of  the  systems  in  14  larger  com- 
munities is  shown  in  Table  29. 

Analyses  were  made  of  the  capabilities  of  tlie  nearest  stream 
to  furnish  the  maximum  1980  and  2020  community  water  supply  de- 
mands. Indications  were  that  natural  flows  in  the  Mascoma,  Ash- 
uelot,  Saxtons,  Mill,  Pequabuck,  and  Mattabesset  Rivers  would  be 
insufficient  to  supply  tlie  demands  of  the  adjacent  municipalities. 

In  general,  the  safe  yields  of  municipal  sources  are  adequate 
to  meet  current,  normal  demands.  There  are  a number  of  munici- 
palities, however,  which  have  current  demands  approaching  or  ex- 
ceeding the  recorded  safe  yield.  These  municipalities  are  shown  in 
Table  29, 

3.  Industrial  Water  Supply 


a.  General 


The  industries  within  the  New  England  region  as  well  as 
within  the  Connecticut  River  Basin  are  widely  diversified  both  in 
industrial  output  and  use  of  water.  These  industries  include  seg- 
ments of  the  paper,  textile,  transportation,  food  and  metal  indus- 
tries. 

The  basin's  industrial  complex,  exclusive  of  the  public  utility  and 
mineral  industry,  utilized  a total  of  approximately  116  billion  gallons 
of  water  in  1960  or  approximately  386  million  gallons  per  day,  mgd. 

The  general  trend  of  industrial  development  in  the  basin  indicates 
that  significant  increases  in  demands  for  water  may  be  expected  to 
be  exerted  by  the  industrial  complex. 

b.  P rojections 

(1)  Total  Projected  Industrial  Water  Use  - Projections 
of  industrial  water  use  by  the  various  major  water-using  industries 
in  the  Connecticut  River  Basin  were  made  by  applying  an  index  of  the 
growth  of  tlie  given  industry  witliin  the  basin,  Th*-  index  selected  to 
reflect  the  industry's  growth  was  a ratio  of  the  current  and  projected 
employment  in  the  industry.  The  results  of  these  projections  are  shown 
in  Table  30  . These  data  do  not  reflect  water  requirements  of  the 
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mineral  or  electrical  industries. 


These  projections  indicate  that  the  industrial  %>.ater  require- 
ments of  the  Connecticut  River  Basin  will  rise  by  about  44  m^d  by 
1980  or  an  increase  of  11%  over  the  requirements  in  I960.  Through 
the  year  2020  the  industrial  water  requirements  are  projected  to  in- 
crease by  175  mgd  or  44%  over  the  1960  requirements. 

Within  the  basin,  the  largest  increase  in  industrial  water  re- 
quirement from  1960  to  1980  is  expected  to  occur  in  basin  sub- 
divisions CRB  V and  VI,  where  increases  of  11,6  and  20.4  mgd, 
respectively,  will  be  required  during  this  period.  In  the  period 
from  1980  to  2020,  the  projected  industrial  w-ater  requiremetits 
indicate  that  a geographical  shift  in  water  requirements  is  pro- 
jected to  occur  in  basin  subdivisions  CRB  V and  I where  increases 
of  57.  4 and  33.  6 mgd,  respectively  , will  be  required, 

TABLE  30 

ESTIMATED  INDUSTRIAL  WATER  REQUIREMENT 
CONNECTICUT  RIVER  BASIN 


Basin  Average  Daily  Requirement  in  mgd 

Subdivision  1960  1980  2020 


CRB  I 

41.6 

44.  0 

77.  6 

CRB  II 

5.  5 

10.  0 

24.  1 

CRB  III 

27.  7 

2 8.  4 

18.  « 

CRB  IV 

5.  9 

1 0.  3 

23.  6 

CRB  V 

132.  0 

14  3,  6 

2 01.0 

CRB  VI 

173.  6 

104.  0 

104. 

Total 

386.  3 

430.  0 

SSO.  7 
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4.  Diversions 


Tables  31  and  32  are  estimates  of  water  supply  diversions 
into  the  basin  and  basin  withdrawals.  With  the  exception  of  the  basin 
withdrawal  for  the  water  supply  of  Boston,  Massachusetts  diversions 
into  or  out  of  the  basin  are  relatively  minor.  In  the  case  of  the 
Quabbin  diversion,  the  722  mgd  would  be  the  diversion  rate  re- 
quired if  the  MDC  obtained  all  its  additional  requirement  from  the 
Connecticut  River  Basin.  Although  a significant  rate  of  diversion 
occurs  for  the  Boston  Metropolitan  area,  this  diversion  consists 
essentially  of  entrapped  spring  freshets  which  would  otherwise  pass 
downstream.  In  this  respect,  the  Northeast  Water  Supply  Study 
(NEWS)  is  examining  the  water  supply  requirements  of  the  Northeast 
Region  and  is  examining  the  feasibility  of  basin  water  diversions. 

5.  Summary  of  Areas  of  Need 

The  study  finds  that  the  naturally  abundant  svirface  and  ground 
water  supplies,  if  properly  developed,  can  meet  all  projected  mu- 
nicipal and  industrial  needs.  The  problem  arises  principally  in  the 
allocation  of  existing  supply  to  Need  points,  particularly  in  future 
years.  In  New  Hampshire,  there  are  a few  areas  witli  water  supply 
needs.  One  of  these  is  in  the  Upper  Ammonoosuc  River  particularly 
for  domestic  and  industrial  requirements  in  the  village  of  Groveton. 
The  second  area  is  in  the  Ashuelot  River  Basin  where  a series  of 
industrial  firms  will  need  added  supply  by  the  1P80  time  frame. 
Several  surface  alternatives  have  been  located  to  meet  this  require- 
ment, Other  areas  in  the  State  have  generally  adequate  supply  and 
have  many  favorable  surface  opportunities  that  can  be  readily  de- 
veloped at  a reasonable  cost  within  the  municipal  or  local  capability. 

In  Vermont,  there  are  currently  few  water  supply  areas  in  the 
basin  which  are  not  within  the  potential  local  or  municipal  capabil- 
ity. Growth  in  many  small  towns  may  transpose  the  many  individual 
separate  groiutd  water  wells  into  municipal  systems  in  future  years, 
but  this  should  offer  fio  problem  to  supply. 

In  Massachusetts  the  major  water  supplies  are  currently  loca- 
ted in  the  urban  complex.  At  present  in  Massachusetts,  there  arc 
four  major  water  supply  systems.  Three  of  these  systems,  the  mu- 
nicipal water  departnients  of  Springfield,  Chicopee,  and  Holyoke 
furnish  approxim.itely  (>()%  of  the  publicly  supplied  water  needs  of 
communities.  Th«'  fourth  system,  the  Metropolitan  District  Com- 
mission (Boston),  thrcnigh  its  Quabbin  Reservoir  facilitv  furnished, 
via  interbasin  transf<’r,  a major  proportion  of  the  Metropolitan 
Boston  are.i  water  supply  r.et'ds. 
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The  Springfield  s/stem  services  two  cities  and  five  towns  with 
a 1960  population  of  240,000.  In  addition,  three  other  towns  with  a 
population  of  30,000  may  join  the  system  if  they  desire.  In  1965  this 
system  supplied  an  average  daily  demand  of  40  mgd.  The  Springfield 
system's  main  source  of  water  is  the  Cobble  Moun tain-Borden  Brook 
Reservoir  complex  located  on  the  Westfield-Little  River.  Together 
these  reservoirs  have  a combined  capacity  of  25.  3 billion  gallons  and 
an  estimated  "safe  yield"  of  33  to  35  mgd.  A recent  addition  of  stor- 
age and  transfer  facilities  from  the  Corps  of  Engineers'  Littleville 
Reservoir  added  a yield  of  20  mgd  to  the  Cobble  Mountain-Borden 
Brook  yield.  Future  installation  of  pumps  could  add  an  additional 
10  mgd  at  Littleville  bringing  the  total  yield  available  from  the  Little- 
ville development  to  30  mgd.  A second  satellite  unit  of  the  Spring- 
field  system,  the  Ludlow  Reservoir,  is  located  in  the  Chicopee  River 
Basin.  This  reservoir  has  a capacity  of  two  billion  gallons  and  an 
estimated  "safe  yield"  of  5 to  7 mgd.  This  older  unit  supplies  w-ater 
to  Ludlow  and,  for  a portion  of  the  year,  to  the  Monsanto  Chemical 
Company  in  Springfield. 

The  Chicopee  system  draws  its  water  from  Quabbin  Reservoir 
via  the  Chicopee  Valley  aqueduct,  a 48  and  36-inch  conveyance  line 
which  also  serves  the  water  needs  of  Wilbraham  and  South  Hadley 
Fire  District  No.  1.  The  total  1965  population  served  by  the  aque- 
duct was  85,700  of  which  66,000  were  served  bv  the  Chicopee  Water 
Department.  The  aqueduct  w'as  originally  designed  to  transmit  2 3 
mgd  to  the  serviced  communities.  In  1965  the  communities  served 
by  this  aqueduct  were  supplied  at  an  average  annual  rate  of  1 3 mgd. 

The  Holyoke  system  supplies  all  of  tlie  water  demand  for  the 
city  of  Holyoke.  The  system  is  also  required  to  supply  a maximum 
demand  of  0.  62  mgd  to  the  town  of  Southampton.  The  total  1^65 
population  served  by  the  system  was  53,000  with  an  average  annual 
demand  of  8.7  mgd.  The  system's  main  source  of  supply  is  the 
Tighe-Carmody  and  'vVhitc  Reservoirs  on  the  Manhan  River.  To- 
gether, these  reservoirs  hav'e  a combined  capacity  of  5.4  billion 
gallons  and  an  estimated  "safe  yield"  of  13  mgd. 
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I.  NAVIGATION 


1.  General 

There  is  a need  for  increased  navigation  improvement  in  the 
Connecticut  River  Basin.  The  needs  are  centered  primarily  on  the 
lower  main  stem  of  the  Connecticut  River  wdthin  Massachusetts  and 
Connecticut  although  some  canoeing  needs  exist  on  the  upper  main 
stem  and  tributaries.  Major  elements  of  need  are  as  follows; 


Island  Sound  to  Hartford 


From  Long  Island  Sound  to  Hartford  there  is  a need  to  modify 
the  existing  15-foot  deep  and  150-foot  wide  commercial  navigation 
channel  project  which  extends  for  52  miles  from  Saybrook  Light  up 
to  Hartford.  The  latest  reported  commercial  waterborne  traffic  is 
3,  650,  000  tons,  which  is  second  only  to  New  Haven  Harbor  wdthin 
the  State  of  Connecticut.  Based  on  Office  of  Business  Economics 
projections,  the  total  is  expected  to  triple  by  the  year  2020.  Con- 
sequently, there  is  a need  to  deepen  and  wdden  the  present  com- 
mercial navigation  channel  and  to  ease  hazardous  bends  to  provide 
minimum  safety  clearances  for  existing  3,000-ton  oil  barges  and 
for  prospective  4,000-ton  oil  barges. 


From  Long  Island  Sound  to  Hartford,  the  study  also  concludes 
that  there  is  increasing  need  for  provision  of  a secondary  system  of 
navigation  buoys  to  delineate  the  naturally  deep  waterway  available 
for  recreation  boats.  This  may  require  authorization  of  specific 
limits  for  Federal  recreational-navigation  projects  to  permit  Coast 
Guard  participation  by  the  year  1980. 


3.  Hartford  to  Holyoke 

From  Hartford  to  Holyoke  there  is  a need  to  improve  recrea- 
tional navigation  to  permit  use  of  the  33-mile  reach  of  the  river 
from  Hartford  to  vicinity  of  the  Williamansett  Highway  Bridge  at 
Holyoke.  Recreational  boating  in  the  Connecticut  Fiver  above  Hart- 
ford is  now  seriously  impeded  during  the  prime  boating  season  by 
major  shoals  between  Hartford  and  Windsor  Locks.  The  existing 
5.  3-mile  long  Windsor  Locks  Canal,  W'hich  provides  the  bypass 
around  the  Enfield  Rapids  and  the  Enfield  Dam,  receives  very 
little  traffic  as  most  power  boats  are  unable  to  use  the  canal  dur- 
ing the  prime  boating  montlis  because  river  stages  are  frequently 
too  low  to  permit  entrance  into  the  canal  and  passage  through 
existing  shoal  areas  in  the  river. 
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Flow  on  the  river  is  seriously  reduced  by  the  present  method  | 

of  operating  tiie  upstream  hydroelectric  plants  for  peaking  power. 

The  river  flows  on  the  main  river  during  the  boating  season  are 
impounded  during  weekends  and  releases  are  made  intermittently 
on  weekdays  to  meet  the  demand  for  peak  power. 

There  is  strong  demand  lor  the  recreational  improvement  in 
this  reach  of  the  river.  Although  pollution  of  the  river  has,  in  the  , 

past,  been  a major  deterrent  to  boating  growth  between  Hartford  1 

and  Holyoke,  it  is  anticipated  that  the  proposed  improvement  to 
navigation  in  conjunction  with  existing  pollution  will  cause  many 
new  boats  to  be  added  to  the  existing  fleet  at  an  accelerated  rate. 

Through-passage  development  of  the  waterway,  also  will  encourage 
many  transient  boats  to  interchange  between  inland  sealers  upstream 
and  the  tidal  waters  dowiistream  from  Hartford  including  Long  Island 
Sound  and  adjacent  coastal  waters. 

In  addition  to  the  analysis  of  needs  for  recreational  boriting 
above  Hartford,  study  was  made  of  the  need  for  commercial  navi- 
gation in  the  reach  between  Hartford  and  Holyoke  resulting  in  the 
conclusion  that  commercial  navigation  improvements  in  *Fis  reach 
are  not  justified  at  this  time.  Study  also  was  nuide  of  the  justifica- 
tion for  constructing  a hydroelectric  povser  dam  and  commercial 
navigation  lock  at  Enfield  Rapids  and  this  also  was  not  found  feasible 
for  Federal  development. 

Projections  developed  by  the  Office  of  Business  F-coiiomics  an- 
ticipate that  the  per  capita  personal  income  will  rise  nearly  lour 
times  by  dOZO.  This  rising  personal  income  coupled  with  popvilation 
projections  and  the  trends  tow'ards  iriorc  leisure  lime  and  mobility 
are  expected  to  increase  the  pressures  for  recreational  ln)ating 
growth  in  the  Hartford-Holyoke  area. 

The  existing  recreational  fleet  in  tin'  Hartford  to  Holyoke  area 
is  considered  to  consist  of  the  equivalent  to  boats  based  in  Con- 
necticut aiid  tl\e  equivalent  of  ISO  boats  based  in  M.issachuselts.  The 
Comiecticvit  fleet  consists  of  ZO  berthed  boats  and  over  4,  St)C  boats 

that  ar<;  laiiiiched  from  some  eight  tamlilit  s ioostlv  duru’.g  the  Mav 
to  June  shad  fishing  season.  These  4,500  launchings  are  consui- 
ered  to  be  cajui v,alent  to  30  boats  bertlnni  full  lin'c  lc>cal]y.  The 
Mas sachust' Its  existing  fleet  consists  of  some  110  berthi-d  boats 
aiul  t),  000  boats  launched  frorn  some  seven  are, is,  considered  to  in' 
equivalent  to  40  Ijoats  berthed  full  time  loe.illy. 
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Because  of  existing  shoals  and  lo^v  river  stages  that  prevail 
during  most  of  the  summer  and  early  autumn  boating  season,  rela- 
tively few  transient  boats  attempt  to  cruise  upstream  from  Hartford. 
Wethersfield  Cove,  which  is  located  about  four  miles  south  of  Hart- 
ford, presently  serves  as  the  upstream  stopover  point  for  most 
transient  boats  cruising  the  Connecticut  River. 

It  is  expected  that  other  recreational  navigation  improvements 
in  the  form  of  local  requests  for  improvement  to  potential  off- 
channel  small  boat  basins  will  be  required  w'hen  the  Hartford  to 
Holyoke  improvement  is  implemented. 

4.  Main  Stem  Above  Holyoke 

There  is  a need  for  provision  of  additional  access  ramps  at 
designated  points  along  the  perimeter  of  the  significant  reserv’oir 
areas  behind  the  power  dams  on  the  main  stem  river  at  Holyoke, 
Turners  Falls,  Vernon,  and  Bellows  Falls.  As  use  of  the  Hartford 
to  Holyoke  recreational  project  develops,  there  may  be  a need  for 
measures  that  would  enable  boats  to  bypass  these  main  stem  dams 
during  the  boating  season.  As  this  need  develops  and  the  magnitude 
of  the  need  can  be  assessed  m.ore  properly,  a determination  can  be 
made  as  to  whether  the  bypassing  should  be  initially  done  by  trailer 
services  or  by  permanent  structural  measures. 

Navigation-aid  buoys  are  needed  in  varying  degrees  in  the  Hol- 
yoke, Turners  Falls,  Vernon,  and  Bellows  Falls  pools  while  minor 
ledge  and  shoal  removal  is  needed  in  the  Holyoke  pool.  Due  to  exist- 
ing and  anticipated  boating  use  of  the  Holyoke  pool,  there  is  present 
need  for  provision  of  a small-boat  channel  within  the  lower  13-mile 
reach  of  this  reservoir  as  well  as  continuing  interest  for  extending 
channel  improvements  upstream  to  Greenfield. 

5.  Upstream  Needs 

Assessment  was  made  of  the  upper  and  middle  reaches  of  tlie 
main  river  and  those  tributaries  on  which  canoeing  could  be  enhanced 
by  augmentation  of  low  flows.  Generally  speaking,  it  is  difficult  to 
justify  creating  reservoir  storage  to  provide  flow  for  year  round 
canoeing.  Reaches  of  stream  of  white  water  canoeing  potentially 
are,  by  their  very  nature,  relatively  steep  and  require  large 
stream  flows  to  maintain  safe  depths.  It  is  rarely  feasible  to 
provide  storage  for  the  augmented  flows  required  for  canoeing 
purposes.  In  some  instances,  however,  it  is  jiossible  to  improve 
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caiioeing  on  streams  where  the  sport  le  presently  only  possible  on 
a marginal  basis.  Where  possible,  the  study  recognizes  the  need 
for  an  extension  of  the  canoeing  season  to  provide  full  opportunity 
for  family  enjoyment  of  this  sport.  Therefore,  it  is  expected  thiat 
as  projects  are  developed,  that  canoeing  'A.ill  be  included  as  a flow 
augmentation  purpose  if  compatible  with  ti  e other  uses  for  vihich 
the  project  was  intended, 

J.  LAND  MANAGEMENT  AND  UPSTREAM  WATERSHED  CONTROI. 

1 . General 

Of  the  7.  1 million  acres  of  lard  and  water  in  the  Connecticut 
River  Basin,  79%  is  in  forest,  9%  is  cropland,  4%  is  pasture,  4% 
is  urban  and  built-up  areas  and  the  remaining  4%  is  in  other  cate- 
gories. Through  the  study  period  up  until  the  year  20Z0,  much  of 
the  land  presently  used  for  crop  and  pasture  is  expected  to  revert 
to  forest.  At  the  same  time,  there  will  be  a considerable  increase 
in  urban  and  rural  residential  acre.age.  This  latter  competing  shift 
will  keep  the  percentage  of  forest  lands  essentially  the  sam.e  at  79% 
while  the  cropland  will  drop  to  2%  and  pasture  to  llo.  Urban  and 
built-up  areas  by  2020  will  comprise  10%  and  the  remaining  8%o  will 
be  in  other  categories.  One  of  the  reasons  for  the  reduction  in 
cropland  is  that  this  category  of  use  is  largely  for  h.ay  and  pasture 
and  there  is  anticipated  to  be  a decrease  iit  the  acreage  required 
for  dairy  use. 

At  preset.!  more  than  85%  of  the  land  in  the  basiti  is  privately 
owned  by  individuals  or  corporations  with  the  remainder  publicly 
owned.  Of  the  privately'  owned,  1.7  inillion  acres  are  owned  by 
farmers  and  4.5  million  acres  by  other  private  owners  including 
land  in  urban  and  built-up  areas.  Public  ownership  comprises  loss 
than  15%  of  the  total  land  and  water  in  the  basin  and  is  distributed 
in  306,600  acres  of  National  forest  land;  410,000  .teres  of  State, 
county,  and  municipal  lands;  and  about  17,000  acres  of  other  Feder.il 
lands  including  Corps  of  Engineers'  reservoir  projects.  Much  of  the 
land  in  public,  ownership  is  in  forest. 

Of  the  (jasin's  1960  population  of  1.  7 i7)illion,  727o  lived  in  cities 
and  towns  with  the  remainder  in  rural  .ireas.  The  rural  sector  is 
made  up  of  a farm  population  of  about  50,  000  people  and  those 
people  in  villages  of  less  than  2,  500  population.  The  urban  popvi- 
lation  is  largely  concentrated  in  Massachusetts  and  CoriTicrticut 
portions  of  the  basin. 
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2.  Agriculture 

There  are  1.  1 million  acres  of  productive  crop  and  pasture  land 
in  the  basin  suitable  for  agriculture  use  with  only  minor  problems 

from  erosion  or  other  hazards.  The  problem  is  that  there  will  be  i 

heavy  demands  for  these  lands  from  other  competing  uses  and  it  will 
be  necessary  to  reserve  land  which  is  adapted  for  agricultural  uses 
as  well  as  to  satisfy  environmental  quality  needs.  It  w-ill  be  difficult 

to  reserve  land  for  agriculture  which  does  not  require  land  treat-  i 

ment,  in  the  face  of  this  increasing  competition  from  other  uses. 

Crop  and  pasture  land  is  projected  to  decline  from  a total  of 
938, 000  acres  in  1965  to  400, 000  acres  by  1980  and  138, 000  acres  ! 

by  the  year  2020.  These  changes  will  be  the  result  of  expected  | 

urban  expansion,  the  phasing  out  of  shade -grown  tobacco,  the  adop-  j 

tion  of  more  intensive  agricultural  techniques,  and  the  shift  of  less  \ 

productive  land  to  forest.  Current  indications  are  that  these  shifts  1 

in  land  use  are  well  under  way.  | 

Based  on  the  revised  1967  USDA  Conservation  Needs  Inventory,  j 

204,  000  acres  of  crop  and  pasture  land  need  land  treatment.  In-  i 

eluded  are  measures  for  erosion  control,  drainage,  irrigation,  and 
establishment  of  vegetative  fertility  management.  Continued  main- 
tenance of  conservation  practices  is  required  on  all  lands. 

3.  Forest 

Much  of  the  privately-owTied  non-industrial  forested  area  is  con- 
tributing less  than  its  full  potential  to  the  economic  growth  and  wel- 
fare of  the  basin.  Over  one-third  of  the  forest  land  is  in  poor  to  very 
poor  hydrologic  condition;  however,  the  potential  to  improve  is  gen- 
erally high.  Multiple-use  management  and  protection  is  needed  to 
realize  these  potentials  as  well  as  the  continued  yield  of  high  quality 
water  and  better  regulated  runoff.  Timber  quality  is  low  , land 
values  and  related  taxes  are  becoming  excessive,  and  many  forest 
landowners  are  more  interested  in  the  recreational  and  aesthetic 
uses  of  their  lands  rather  than  timber  production.  Multiple-use 
management  and  land  treatment  measures  are  needed  on  about  4.  5 
million  acres  of  private,  non-industrial  forest  land.  This  figure 
contains  a duplication  of  acres  since  some  acres  of  forest  land  may 
require  more  than  one  treatment  to  meet  ider  tified  needs.  This 
will  require  a greater  conservation  education  effort  and  additional 
incentive  programs  to  the  landowner  if  the  forest  resources  are  to 
be  fully  developed  and  utilized  Many  small  municipal  watersheds 
are  not  under  management,  and  technical  assistance  is  needed  on 
nearly  64,000  acres  of  National  forest  land. 
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. Urban  and  Built-Up  Areas 


The  expanding  population,  projected  to  double  by  the  year  2020, 
will  require  much  reconstruction  in  the  city  areas,  greatly  expanded 
suburban  developments,  and  large  numbers  or  rural  homes  in  the 
outlying  areas.  The  construction  of  facilities  for  servicing  this  popu- 
lation in  the  form  of  shopping  centers,  highways,  and  park  areas  will 
involve  much  of  the  better  land,  especially  in  the  lower  basin.  Ade- 
quate planning,  including  the  use  of  soil  surveys,  is  essential  in 
this  development  to  maintain  proper  land  use,  avoid  additional  flood 
hazard  by  zoning  flood-prone  areas  to  appropriate  use  such  as  parks, 
open  space,  and  agriculture;  control  erosion  and  resulting  sediment 
problems  to  the  maximum  extent  during  construction  activities;  de- 
velop and  maintain  adequate  vegetative  cover  and  vaterways  to  mini- 
mize damage  from  runoff  and  erosion. 

The  need  for  protecting  existing  water  surface  areas  and  the  de- 
velopment of  new  water  bodies  and  open  space  plus  the  need  for  im- 
proved and  increased  wildlife  habitat  are  also  es.sential  to  maintain 
a quality  environment. 

The  environmental  quality  provided  bv  trees  and  other  vegetation 
in  many  urban  areas  and  communities  is  deteriorating,  and  their  im- 
portance is  often  inadequately  considered  in  the  development  of  new 
communities.  Community  action,  planning,  and  management  of  trees 
and  other  vegetation  are  needed  for  improvements  of  sylvan  aesthetics 
and  microclimate  control. 

fi.  Specific  Needs  and  Problems 

a.  Studies  by  the  Soil  Conservation  Service  of  the  Depart- 
ment of  Agriculture  show  there  is  a need  to  n duce  the  $2.  IM  of 
average  annual  damages  sustained  in  the  1-4  1 upstream  watersheds 
of  the  basin  and  to  protect  rural  communities  and  agricultural 
areas  from  flooding.  The  total  flood  plain  acreage  is  estimated  at 
59,  000  acres  of  which  26,  000  are  in  agricultr.ral  use;  1,900  are 
urban;  and  tlie  remainder  51,  100  is  either  forest  or  in  miscellane- 
ous use.  Appendix  F discusses  the  extent  of  flood  water  and  sedi- 
ment drainage  in  tliese  upstream  watersheds. 

b.  There  is  a need  for  acceh  ration  of  prt'sent  U.  S.  Depart- 
ment of  Agriculture  programs  to  guide  hind  use  adjustments  and  to 
retain  the  most  suitable  lands  for  agriculture  and  environmental 
quality.  Fsst'ntial  programs  needing  acceleration  are; 
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(1)  Asaistance  to  180  towns  which  include  preparation 
of  resources  inventories,  town  soil  reports  and 
interpretations  and  flood  plain  studies 

(2)  One-half  million  acres  of  soil  survey. 

These  two  programs  are  needed  as  tools  for  State  and  local  units 
of  Government  to  guide  land  use  development  and  management. 

c.  Land  treatment  and  management  measures  are  needed 
on  over  1.2  million  acres  of  non-Federal  land.  This  would  include 
planning  and  installing  conservation  measures  and  proper  manage- 
ment on  204, 000  acres  of  crop  and  pasture  land,  150,  000  acres  ur- 
ban and  other  land,  and  approximately  823,  000  acres  of  private, 
non-Federal  forest  land  for  the  early  action  plan. 

Land  treatment  will  be  needed  on  an  additional  3.  6 million 
acres  which  includes  50,  000  acres  of  crop  and  pasture  land,  1 50 , 0 0 0 
acres  of  urban  and  other  lands,  and  3.4  million  acres  of  private  for- 
est land  for  the  long  range  program.  Also  needed  in  the  long  range 
program  is  resource  planning  assistance  to  188  towTis  in  the  basin  and 
3 million  acres  of  soil  surveys. 

d.  Land  treatment  and  management  will  be  needed  on  nearlv 
64,  000  acres  of  National  Forest  land  for  the  Early  Action  Plan.  Soil 
surveys  and  watershed  analyses  wiW  be  needed  on  approximately 
306,000  acres  of  National  Forestland  and,  in  addition,  watershed 
analysis  studies  are  needed  on  30,  500  acres.  Some  69,  300  additional 
acres  within  the  Proclamation  Boundry  of  the  Green  and  White 
Mountain  National  Forests  will  need  to  be  acquired  for  the  Early  Action 
Program . 


K.  SOLID  WASTE  DISPOSAL 


Very  few  communities  in  New  England  have  more  than  a 10-year 
program  for  the  adequate  disposal  of  solid  waste  so  it  is  difficult  to 
bring  the  aspect  of  solid  waste  management  planning  into  the  50-year 
period  associated  wdth  water  resources  planning.  However,  all  of 
the  New  England  States  now  have  Federal  grants  for  the  development 
of  State  solid  waste  management  plans.  These  plans  are  presently 
being  developed  and  will  incorporate  regional  operations  as  an  alter- 
native to  individual  community  solid  waste  disposal  programs. 

Dumps  with  open  burning  are  being  outlawed  and  replaced  vith 
sanitary  land  fill  operations.  Land  area  requirements  are  increas- 
ing under  present  practices,  but  developments  in  volume  reduction 
through  reuse,  improved  incineration,  compaction,  and  shredding 
v.ill  tend  to  stabilize  or  lower  area  requirements  for  final  disposal. 

Land  allocation  for  sanitary  land  fill  sites  is  a pertinent  subject 
to  discuss  in  connection  with  water  resources  and  related  land-use 
planning.  Regardless  of  the  development  of  solid  waste  reduction 
techniques,  the  final  residue  will  hav-e  to  be  disposed  of  on  the  land 
unless  a safe  ocean  disposal  method  is  devised.  Land  must  be  made 
available  for  sites  and  with  mounting  pressures  for  land  use  by  other 
interests  this  could  be  a future  problem.  The  State  solid  waste  man- 
agement plans  may  identify  the  areas  in  New  England  where  there 
will  be  a shortage  of  secondary  land  fill  sites. 

The  urban  areas  such  as  Hartford  and  Springfield  will  probably 
have  the  greatest  difficulty  in  obtaining  land  fill  sites  in  the  future. 

The  additional  cost  for  long  distance  hauling  of  solid  wastes  away 
from  these  urban  areas  could  give  economic  justification  to  the  es- 
tablishment of  local  facilities  which  w'ould  provide  a high  degree  of 
volume  reduction  before  transporting  the  wastes  to  a land  fill.  The 
rural  areas  in  the  basin  will  probably  be  able  to  dispose  of  their 
solid  wastes  in  rural  land  fills  wdthout  encountering  insurmountable 
land  acquisition  problems. 

L.  PUBLIC  HEALTH  ASPECTS 

1 . Air  Pollution 

Air  pollution  is  caused  by  m.it'y  operations  which  va  r\  from 
large  industrial  complexes  to  the  burning  of  leav«'S  in  the  neighbor- 
hood yard.  Since  the  problem  is  so  varied,  this  Appendix  will  limit 
itself  to  discussion  of  two  areas  uhiih  are  most  atfi'cted  by  water  re- 
source rle velopment.  These  .ire  pow<-r  gtuier.ition  liy  fossil  fuel  plants 
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and  solid  waste  reiuu.tion  by  open  incineration.  The  cduet  cause  of 
air  pollution  from  power  plants  is  the  sulphur  dioxide  which  is  the 
product  of  incomplete  combustion.  It  combines  with  w'ater  droplets 
in  the  air  and  can  be  transformed  into  sulphuric  acid  which  results 
in  eye  and  lung  irritation,  from  breathing  this  waste  produce.  Un- 
sightly smoke  and  particulate  matter  will  also  result  from  this  com- 
bustion. Although  this  may  not  be  harmful  or  as  harmful  as  the  sul- 
phur dioxide  from  a health  standpoint,  this  particulate  matter  does 
act  as  a cost  to  society  in  decreasing  visibility  and  in  making  the 
surrounding  area  dirty. 

In  regard  to  solid  w'aste  disposal,  many  present  techniques  uti- 
lize the  burning  of  waste  material.  The  first  that  comes  to  mind  in 
the  largely'  rural  areas  is  the  burning  of  open  dumps.  The  burning 
of  these  dumps  puts  a strain  on  the  economy  by  producing  air  pol- 
lution both  visual  and  ordorous,  and  increasing  forest  fire  potential 
around  the  dump  site.  For  the  more  urbanized  area,  refuse  incin- 
erators, a volume  reduction  technique,  can  intensify  air  pollution  if 
proper  controls  are  not  used.  The  incineration  process,  in  general, 
produces  emissions  of  fly  ash,  smoke,  gases,  and  odors.  The  fly 
ash  and  odors  are  undesirable  mostly  because  of  their  nuisance  po- 
tential to  nearby  communities. 

Smokes  and  gases  which  have  a nuisance  potential  contribute  to 
overall  air  pollution  through  reduction  in  visibility  and  ability  to  enter 
into  smog  forming  photo  chemical  reactions  in  the  air.  Because  of 
the  concern  of  responsible  State  and  local  authorities  in  the  northeast, 
strong  air  pollution  control  programs  have  become  common.  The 
Clean  Air  Act  , as  amended  , emphasizes  the  fact  that  all  levels 
of  Government  must  cooperate  in  the  proper  management  of  our 
atmosphere.  Today  States  and  major  urban  centers  almost  without 
exception  have  attained  authority  to  control  air  pollution  within  their 
boundaries  and  have  moved  to  establish  workable  enforcement  pro- 
grams designed  to  implement  their  legal  authority. 

To  avoid  air  pollution  problems  it  is  necessary  to  anticipate 
those  problems  and  to  plan  for  necessary  control  action.  Land  con- 
trol actions  may  invoKe  land  use  planning  for  such  things  as  buffer 
zones  around  major  individual  sources  but  more  likely  tliev  would 
involve  the  choice  of  direct  controls  at  the  source.  Direct  controls 
could  result  in  the  elimination  or  minimization  of  pollutant  genera- 
tion through  a process  of  raw  material  change.  One  Lirm  of  direct 
controls  might  be  to  capture  Llie  pollutants  after  they  have  been  gener- 
ated but  before  they  reach  the  atmosphere. 
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To  accomplish  the  required  problem  anticipation  and  control 
actions,  planning  could  be  accomplished  through  coordination  be- 
tween those  engaged  in  water  resource  development  program*  and 
the  area's  air  pollution  control  authorities.  This  coordination 
should  be  established  at  the  earliest  possible  moment. 

2.  Water  Pollution  of  Shellfish  Crop  Areas 

Consumption  of  raw  shellfish  from  polluted  growing  waters  can 
bring  about  transmission  of  many  known  diseases  such  as  infectious 
hepatitis,  typhoid  fever,  and  gastrointeritis.  The  Connecticut  Rive  r 
Basin  estuary  contains  shellfish  resources  in  the  form  of  soft  and 
hard-shell  clams,  although  the  quantity  present  is  not  known.  The 
reason  for  this  is  the  estuary  is  not  open  to  the  harvesting  of  shell- 
fish and  has  not  been  for  a number  of  years;  consequently,  data  on 
shellfish  densities  are  not  available. 

The  estuary  is  closed  to  shellfish  harvesting  because  the  bac- 
teriological quality  of  the  overlying  waters  exceeds  the  allowable 
limit.  As  the  basin  States  move  to  meet  the  water  quality  standards 
the  question  of  whether  the  shellfish  grounds  may  be  opened  will  be 
asked.  At  the  present  time,  it  cannot  be  said  with  certainty  whether 
the  pollution  abatement  measures  will  be  extensive  enough  to  im- 
prove water  quality  in  the  estuary  to  permit  shellfish  harvesting. 

It  may  be  that  in  the  future  the  estuary's  classification  will  be 
limited  to  a maximum  classification  of  "Ccnditionally  Open”,  This 
means  that  the  water  quality  meets  the  required  standards  but  tliat 
the  chance  of  contatiiination  is  great  enough  to  warrant  close  surveil- 
lance. This  classification  would  give  the  State  Health  Department  the 
authority  to  close  the  area  at  the  first  sign  of  contamination. 

Vector  Controls 


The  term  vector  means  an  insect  that  directly  or  indirectlv 
either  transmits  a disease  agent  to  man  or  causes  irritation  to  hu- 
man beings.  This  subject  is  discussed  in  detail  in  Appendix  R of 
this  report,  but  a generalized  listing  of  vector  probleins  and 
needs  likely  to  cle\fTop  by  the  year  19H0  as  a result  of  prvijected 
water  resources  development,  water  useage  patterns,  and  other 
expected  ecological  changes  follows:  (1)  An  increase  of  tlie  north- 

ern house  mosquito  problem  due  to  increased  polluted  water.  (2)  A 
cradual  increase  in  the  size,  number,  and  scope  of  rnosquito  control 
commissions  and  programs;  (1)  More  emphasis  in  mosquito  control 
programs  and  water  management  and  source  reduction;  and  (4)  A 
need  for  bettc-r  co  omissions  and  cooperation  hi  tween  all  affected 
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departments  and  interests  in  the  solution  of  this  problem,  and  in  the 
decisions  involving  water  resources  management  and  vector  control 
technology. 

In  looking  forward  to  the  years  1980  and  2020  experience  seems 
to  indicate  that  vector  control  problems  as  related  to  water  resource 
development  will  not  change  radically.  The  four  previously  noted 
slow-moving  trends  will  probably  continue  to  occur.  In  addit  -n,  the 
following  projections  are  made; 

(1)  The  expected  increase  in  size  and  number  of  on- 
stream storage  reservoirs  for  drinking  water  purposes  will  be  bene- 
ficial to  mosquito  control. 

(2)  The  expected  increase  in  dams  for  flood  control 
purposes  will  be  beneficial  for  mosquito  control  and  adverse  ef- 
fects will  be  greatly  overweighed  by  the  beneficial  effects. 

(3)  Increases  in  temperatures  in  impoundments  and 
streams  due  to  atomic  energy  plants  are  due  to  present  some  eco- 
logical changes.  However,  vector  problems  will  probably  not  be 
affected  in  magnitude. 

(•1)  More  intensive  irrigation  of  crops  v\ill  be  largely 
accomplished  by  overhead  sprinklers  and  will  not  significantly  affect 
vector  problems. 

(5)  The  projected  large  increase  in  water-oriented 
recreation  will  tend  to  increase  vector  control  needs.  Wherev'er 
ssible,  these  needs  should  be  met  by  on-going  v'ector  control  pro- 
graTTlS. 


(6)  The  projected  increase  in  organic  pollution  of  res- 
ervoirs, lakes,  and  streams  will  tend  to  increase  chironomid  midge 
problems  which  should  be  adequately  controlled  by  vector  control 
programs. 


(7)  The  incidence  of  Rocky  Mountain  Fever  and  other 
vector-borne  diseases  will  probably  not  change  radically. 

(8)  The  research  on  genetic  methods  in  vector  control 
will  probably  increase. 
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4.  Radiation  Control 


Radiation  control  is  linked  closely  with  water  resources  plan- 
ning  particularly  in  tlie  design  and  operation  of  nuclear  plants.  The 
water  used  to  cool  the  steam  is  important  not  onlv  from  the  quantify 
of  water  used  and  the  possibility-  of  thermal  increases  but  also  be- 
cause there  is  a potential,  although  very  slight,  of  releasing  radio- 
active materials  back  into  the  water  course. 

The  two  nuclear  power  stations  operating  in  X'ew  England  at 
the  present  time  are  located  in  the  Co:inecticut  River  Basin.  Qp.e 
is  at  Rowe,  Massachusetts  and  the  other  is  at  Haddam,  Connecti- 
cut. A third  nuclear  plant  will  be  located  in  Vernon,  Vermont  on 
the  main  stem  of  the  Connecticut  River. 

The  Atomic  Energy  Commission  has  moved  with  the  nuclear 
power  industry  to  produce  one  of  the  best  safetv  records  of  anv 
industry  both  for  .in-plant  personnel  and  for  the  surroundinc  environ- 
ment, Nuclear  power  plants  are  designed  so  that  even  if  major  ac- 
cidents occur,  the  release  of  radioactive  material  to  the  surround- 
ing enviroimient  will  still  be  below  the  maximum  limits  for  radio- 
active content  of  air  and  water  set  b\  th.e  Atomic  Energy  Commis- 
sion ,ind  State  Health  Departments,  CoJ-nprehei  sive  mor  itorii'.c. 
systems  are  built  into  nuclear  plants  to  keep  a close  check  on  the 
amount  of  radioactivity  present  in  the  discharge  water.  Standby 
units  are  used  to  keep  a continuous  monitorii'.g  check  on  the  dis- 
charge v.itcr  should  the  regularunit  break  down.  The  monitoriiig 
requirements  for  on-site  surveillance  are  established  and  enlorced 

by  the  Atomic  Energy  Commission;  and  although  the  testing  itself  is  | 

carried  on  by  the  power  company,  it  is  under  the  supervision  ol  the  i 

Atomic  Energy  Commission.  Monitoring  near  the  site  is  usually  j 

done  by  the  State  Health  Department. 

S.  Thermal  Effects  i 

j 

There  is  a growing  concern  over  the  possible  ellect  ther-nal 
pollution,  originating  from  the  disch.arged  I'ooling  water  of  these  i 

plants,  vould  have  on  the  ecological  balance  of  the  stream  into 
which  the  water  is  being  discharged.  It  should  also  be  noted  that 
fossil, ns  WM’ll  as  nuclear  fuel  plants,  c.m  ireite  thermal  pollution. 

Th.e  get'.erally  accepted  feeling  is  that  a small  rise  in  temper- 
autre  (lu  to  '•'ill  probably  not  lui-'c  a-  y d.etrimeid.il  effect  on  the 

bal.uice  of  the  stre.im.  However,  when,  te  mpe  rat 'i  r e s rise  tmire 

sh.irpK  , it  could  i ausc  the  flie-out  ol  a p..rti<  clar  pl  a t or  .inim.al  , 

th.it  is  part  id'  a food  chain.  .All  spi'i  ii's  <>f  pl.o  ts  .mat  .ii  im.its  may  j 


be  affected  by  the  loss  of  a vital  link  in  a food  chain  and  an  ecologi- 
cal diaruption  in  the  water  environment  could  occur. 

The  design  of  nuclear  power  plants  usually  includes  a holding 
basin  after  the  plant  to  allow  heated  water  to  cool.  If  more  cooling 
is  needed,  cooling  towers  could  be  used. 

One  of  the  problem  areas  for  New  England  involv'es  the  disposal 
of  spent  fuel  not  only  from  nuclear  power  plants  but  also  from  medi- 
cal, industrial,  and  research  sources.  Processing  of  spent  fuel  can 
be  accomplished  only  through  sophisticated  technology  and  highly 
specialized  personnel.  It  usually  consists  of  concentrating  the  radio- 
active material  and  burning  it  in  protective  containers  at  one  of  four 
or  five  land  fills  throughout  the  country.  The  closest  processing 
plant  for  New  England  is  in  Albany,  New  York.  With  the  growing 
use  of  radioactive  materials  in  New  England,  it  may  be  necessary 
to  locate  a spent  fuel  processing  plant  in  New  England. 

M.  ESTUARY 


1 . General  Description 

Of  its  total  length  of  400  miles,  the  main  stem  of  the  Connecti- 
cut River  is  tidal  for  60  miles  from  Long  Island  Sound  upstream  to 
the  confluence  of  the  Scantic  River,  eight  miles  above  Hartford. 

This  reach  is  shown  in  Figure  15  . From  Portland  north  the  tidal 
water's  ebb  and  flow  in  the  broad  terraced  valley  bordered  by  hills 
of  the  Connecticut  Valley  Lowlands.  Belov.  Portland,  the  estuary 
lies  between  the  western  hilly  section  of  the  southern  New  England 
upland  to  the  west  and  the  rolling  plateau  of  the  .same  upland  to  the 
east.  Much  of  the  upland  is  forested,  while  the  lowlands  provide 
soil  suitable  for  farming.  Near  its  mouth,  the  river  is  bordered 
by  some  important  wetlands. 

The  fresh  water  flow  (measured  at  Thompson vil  le , near  tlie 
Massachusetts  line)  averages  about  15,900  cubic  feet  per  second 
after  adjusting  for  storage  and  diversion.  In  water  ye.ir  l‘^67,  the 
minimvim  mean  daily  Hows  of  84,000  .and  1,  650  cubic-  leei  p<  r sec- 
ond, respectively,  occurred  in  the  months  of  .-\pril  .ind  Sept-  mber. 
Monthly  totals  show  that  these  were  the  i-non.lh.s  with,  t'-.e  cr'-atest 
and  least  total  volume  flows,  respectively,  differii.g  bv  four  orders 
of  magnitude.  During  pc-riods  of  low  river  flow,  the  iid.il  r ii.k^e  de- 
creases from  1.5  feet  at  th.e  mouth  to  more  than  one  toc.t  .c'  H.irtford. 
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During  the  summer  low  flow  periods,  dilute  salt  water  m;ay  pene- 
trate up  river  as  far  as  the  East  Haddam  Bridge.  Generally,  the 
salt  is  found  only  half  as  far,  and  during  periods  of  high  river  flow 
and  under  appropriate  wind  and  tide  conditions  may  barely  reach  the 
Saybrook  Bridge.  Under  average  conditions,  the  volume  of  salt 
water  entering  the  estuary  from  Long  Island  Sound  during  one  tidal 
cycle  is  about  half  the  fresh  water  volume  entering  during  the  same 
pe  riod. 

2.  Population 

Study  projections  indicate  that  sub-basin  area  CRB  VI  will  be 
tliat  fastest  growing  area  in  the  entire  basin  and  tf.at  the  population 
will  more  tl'.an  double  by  die  year  2020.  As  noted  in  Appendix  P the 
rate  of  growth  for  communities  adjacent  to  the  tidal  portion  of  the 
river  is  almost  half  again  as  great  as  that  for  Lhe  State  as  a v.holf 
(except  for  Hartford  which  is  already  densely  populated).  Connecti- 
cut Inter-Regional  Planning  Program  population  projt>ctiuns  furnish 
the  conclusion  that  the  growth  rate  in  the  estuary  and  Midstate  Plan- 
ning Region  towms  is  projected  to  be  much  faster  than  the  Capitol 
Region.  This  fact  reveals  the  pressures  which  ".ill  be  exerted  on  the 
lower  estuary;  consequently,  the  land  use  pattern  chosen  to  accom- 
modate the  several  hundred  thousand  additional  people  expected  to 
settle  along  the  estuary  will  be  a major  determinant  in  the  future 
of  the  area. 

When  viewed  from  the  river,  the  chief  signs  of  urban  popu- 
lation are  at  Hartford,  East  Hartford,  and  Middletown.  Elsewhere 
the  density'  appears  relatively  low,  although  individual  private 
homes  are  prominent  along  certain  stretches  of  tlie  river. 

3.  Manufacturing  and  Industry 

Manufacturing  is  one  of  the  most  important  irdustries  in  the 
estuarv.  Aircraft  engines  and  parts  manufacturing  in  Hartlord 
County'  account  for  13%  of  the  total  State  employment  and  4."'%  of 
the  county  employment.  This  industry  is  also  the  largest  single 
user  of  water  in  sub-basin  CRB  VI. 

Other  large  users  of  water  in  the  estuary  .ire  the  three  thermal 
electric  plants  which  depend  on  river  water  for  coolini,  iheir  conden- 
sers. From  north  to  south,  these  power  plants  and  their  si.’e  are: 

- South  Meadow  at  Hartford  - 2l7,00(i  kw 

- Middletown  <;t  Middletown  - 422,i'00 

- Connecticut  Yankee  at  H.idd.im  - 4t>3,000 
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4.  Land  Use 


Of  the  135  miles  of  estuary  shoreline  below  Hartford,  38  miles 
are  built  up  or  committed,  24  miles  are  zoned  for  residences,  and 
only  another  3 miles  are  easily  developable  and  zoned  for  comm.er- 
cial  or  industrial  use.  The  remaining  70  miles  would  require  expen- 
sive site  preparation  prior  to  industrial  or  residential  development. 

North  of  the  Charter  Oak  Bridge  in  Hartford  only  one  mile  of 
vacant  land  is  zoned  for  industrial  or  commercial  use  and  8 miles 
are  zoned  residential.  The  remaining  13  miles  uould  require  ex- 
pensiv'e  site  preparation.  Over  2,000  acres  of  industrially-zoned 
vacant  land  in  lots  of  ten  acres  or  more  were  found  within  a half 
mile  of  the  navigable  portion  of  the  Connecticut  River,  chiefly  in 
the  Hartford-Glastonbury  and  Cromw’ell-Middletowri  areas.  How- 
ever, because  of  landform  problems  not  all  of  this  land  would  be 
usable  by  firms  requiring  waterborne  shipping. 

Just  below  Middletown,  at  Bodkin  Rock,  tlie  river  turns  souLh- 
east  and  cuts  a narrow  valley  with  no  flood  plain  through  relati\ely 
hard  igneous  and  metamorphic  rock.  The  narrow  section  (straits) 
beginning  at  Bodkin  Rock  acts  as  a hydraulic  control  on  the  river. 

The  river  valley  upstream  serves  as  a storage  basin  during  times 
of  flood.  The  greater  the  river  volume  flow,  the  faster  the  cur- 
rent flows  tlirough  the  straits;  the  faster  the  current,  th<-  higher 
the  surface  elevation,  and  the  higher  the  elevation,  the  more  flood- 
ing in  the  valley  upstream.  It  vvas  found  that  if  developmf:r.t  or  dik- 
ing decreased  the  valley  storage  utilized  by  the  greatest  flood  of 
record  (193fa)  by  10%  or  30%,  the  flood  crest  elevation  at  the  Massa- 
chusetts line  would  be  increased  by  one  foot  or  sever,  feet,  respec- 
tively. 


In  recent  years  significant  land  development  has  taken  place 
along  botli  banks  at  the  moutli  of  the  river,  in  the  form  of  .subdivi- 
sion and  summer  honies.  This  section  of  tlio  river  is  a prime 
recreation  and  boating  center  with  existing  marintis  already  occupied 
and  new  marina  sites  at  a premium.  The  pri-ssure  ol  ti.e  boating 
public  for  addition.il  facilities  is  tremendous  to  convert  tuialwi-t- 
lands  into  marinas  to  serve  this  demand.  Consequently,  ther"  i.s  .i 
need  for  land-use  planning  to  provide  for  th.ese  pri'ssures  with  mini- 
mum destruction  to  the  environrr.ent  of  the  estuary. 

Tlu're  are  no  figures  presently  avaihible  for  the  amount  ol  w<  t- 
lands  in  sub-h.isin  CRB  VI,  however,  st.'itewide  coa.stal  wi'thind  i;  - 
vimtories  show  the  following  flee  rcases  in  total  .u  res; 
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Year 


Coastal  Wetlands  (acres) 


1914 

23,  360 

1954 

17,018 

1959 

15,927 

1964 

14,839 

In  the  short  span  of  10  years,  2,  179  acres  - about  13%  of  the 
1954  acreage  - were  destroyed  or  so  altered  as  to  be  no  longer  of 
value  to  fish  and  wildlife  as  an  important  element  in  the  food  chain. 
Although  the  13%  decrease  is  a statewide  figure,  and  the  Connecti- 
cut River  Estuary  has  not  been  so  drastically  affected,  it  does  point 
up  what  the  future  could  hold. 

The  Connecticut  River  Estuary  also  contains  a number  of  sites 
of  cultural  and  educational  interest  which  are  discussed  in  both 
Appendix  O and  P of  this  report. 

5.  Recreation  and  Boating 

As  previously  noted  in  Section  V - D of  this  Appendix,  tliere  is 
a strong  demand  for  recreational  opportunities  along  the  lover  Con- 
necticut Ri'.  er.  The  navigability  of  the  river  furnishes  an  opportu- 
nity for  boats  to  travel  upstream  into  the  pool  of  the  Enfield  Oam, 
Proposed  improvements  are  needed  to  accommodate  the  anticipated 
traffic,  as  far  upstream  as  Holyoke,  Mass.ichusetts.  Additional 
boating  access  .ind/ or  anchorage  facilities  will  <ilso  be  required. 
Table  2 1 of  this  Appendix  illustrates  the  large  future  demand 
which  is  projected  for  boating  activity  in  CRB  VI.  The  subject  ->f 
recreational  as  well  as  commercial  navigation  needs  is  <^iisi.  nssed 
more  fully  in  Section  V-  I of  this  Appendix. 

K.  FLOOD  CONTROL 

The  flood  history  of  the  Connecticut  Rivi  r goes  bai  k more  than 
300  years  to  the  establishment  of  the  first  settlements  in  the  basin. 
The  industrial  revolution  that  followed  bni  to  the  development  of  in- 
dustry along  th.e  river  where  one  of  the  great  reep.;i  remen.t.''  was 
readily  available  watc-r  for  power,  process  water,  and  e.isv  aices- 
sibility  to  market  arc.is.  As  progress  continue'l,  cities  s a h .is 
Hartford,  Conmwticut;  Springfield,  M iss.iehusetts,  Bellow.s  i .ills 
and  Brattleboro,  Vermont  with  billions  of  doll.irs  ol  investmer-.t 
eventually  enveloped  tlie  surrounding  area,  .idmitti-dlv  often  in  tin- 
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flood  plains.  In  ensuing  years,  floods  of  great  magnitudi-  proved 
this  v.as  not  tlie  wisest  of  choices. 


I 
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After  the  historic  flood  of  November  19i7  the  Corps  of  Engi- 
neers was  charged  by  the  Congress  to  revie\<.  the  problems  and 
develop  a plan  to  minimize  future  damages.  Shortly  after  com- 
pletion of  that  study  report,  the  historic  and  double-barrelled 
flood  of  March  19it>  caused  extensive  damage.  Once  again,  the 
Corps  of  Engineers  was  delegated  to  review  its  previous  plan. 
Evolving  from  that  review  was  a plan  consisting  of  20  reservoirs 
and  several  local  protection  projects  at  major  damage  centers. 

More  recent  floods  of  lesser  magnitude  ha ve  initiated  studies 
resulting  in  certain  additions  or  substitutions  to  the  origii-.a!  flood 
control  system.  The  present  authorized  plan  would  control  about 
27%  of  the  intercepted  drainage  area  at  Hartford,  Connecticut  by 
construction  of  27  reservoir  impoundments  which  would  provide 
the  needed  flood  protection  along  the  main  stem  of  the  Connecticut 
River  and  its  tributaries.  Of  the  27  reservoirs,  lb,  controlling 
15%  of  the  drainage  area  together  with  15  local  protection  projects 
have  been  constructed  throughout  the  basin.  Of  the  latter,  seven 
are  located  on  the  main  stern  and  were  designed  to  supplement  the 
reservoir  system. 

To  assure  that  the  authorized  flood  control  plan  conformed  to 
new  criteria  brought  about  by  changes  in  times  and  conditions,  the 
plan  was  re-evaluated  as  part  of  the  comprehensi\-e  study.  Re- 
evaluation  considered  the  effectiveness  of  the  resi  rvoirs  v'.hen  act- 
ing in  a system  to  protect  the  basin.  As  part  of  tlic  re-evaluation 
process  the  comprehensive  basin  study  carried  out  a review  sur-.t-y 
of  damages  in  all  areas  subject  to  flooding  and  estirn.ites  were  made 
of  the  experienced  and  recurring  flood  losses.  This  survey  covered 
the  updating  of  data  to  reflect  price  level  charges  since  the  earlier 
surveys,  new  evaluation  of  flood  losses  to  residential,  commercial, 
industrial,  public,  and  utility  interests  as  well  as  addition  of  new 
improvements  subject  to  flood  loss.  Owners  and  manage  rs  of  pro- 
perty were  inter\iewed  and  assisted  in  evaluating  losses.  The  data 
were  recorded  and  tabulated  bv  area  and  reach  of  htre.im.  Direct 
physical  losses  as  well  as  non-physical  losses  such  as  loss  of 
wages,  profit  and  emergency  costs  wen-  <'\aluafed  and  recorded. 

In  monetary  value,  the  effect  of  the  Ht27  flood  i’.  Verriiont  ex- 
ce«;ded  $20,HOO,OOO.  Qn  a per  capita  basis,  this  cost  .imounted  to 
$196  in  a St.iti’  wtu-re  per  capnta  income  was  $n00  at  t!i  tir'-a  . I'lie 
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after  effects  of  the  flood  were  a nn.ijor  drag  on  the  economy  of  t!.<- 
area  for  the  next  tvvo  decades. 


The  most  serious  flood  problems  in  the  Connecticut  Ri\’er  Ba- 
sin are  on  the  main  stem  and  the  major  tributaries  such  as  the 
Passumpsic,  the  Ammonoosuc,  the  \Vliite,  the  Mascoma.  the  Ash.- 
uelot,  and  the  Westfield.  Major  damage  centers  oi.  the  Connecti- 
cut River  itself  are  in  the  metropolitan  areas  of  Massachusetts 
and  Connecticut,  although  significant  losses  also  occur  at  Vvhite 
River  Junction,  Hanover,  Windsor,  Bellovs  Falls,  B rattlohor,., 
and  Hinsdale.  Experienced  flood  losses  in  the  entire  basin  for  ma- 
jor floods  in  the  twentieth  century  have  exceeded  $Z(  -1,  000,  000  v itl 
74  lives  lost  and  untold  miserv  not  measurable  in  statistical  v il  a . 


TABLE  33 

FLOOD  LOSSES  OF  FOUR  HISTORIC  EVENTS 
CONNECTICUT  RIVER  BASIN 


Date  of  Event 


Number  of  Ri'porti'd 

Lives  Lost  Monetary  Damage 


November  1927 
March  193fa 
September  19  38 
August  1955 


21 

$ 2'),  000, 

000 

1 1 

O'  . 4 00, 

OOO 

8 

48,  =’0(u 

ttOO 

34 

1 lo, OOO, 

00(1 

A recurrence  of  the  March  19  3ti  flood  under  H^70  conditio’  s 
without  flood  control  measures  would  cause  losses  amounting  to 
o\er  $22  3,000,000.  With  the  implementation  of  the  I’xistii.e  lloi’d 
control  system  of  lb  reservoirs  together  witii  1"'  loi  al  proto,  ti,u. 
projects  at  major  damage  centers,  these  l‘^3b  recurring  h'S; cs 
have  been  ri'duced  to  $2b,  000,  000.  Although  this  roprese:  is  a 
substantial  reduction  in  flood  losses,  it  does  not  present  a .rue 
picturi'  of  the  potential  for  catastrophic  flood  losses  v.hn  h .n  t i.’L, 
exist  in  the  basin.  Such  a situation  vould  occur  if  the  major  1 .<  il 
protection  projects  on  the  main  stem  of  the  C.oniu.ctic  it  \i.eri  i”  er- 
topped. 


The  major  local  protection  projei  ts  on  the  main  stem  oi  tt.e 
river  were  designed  ami  constructed  on  the  assumption  that  tlv 
entire  authorized  basin  flood  control  systems,  contrcilling  >>; 

the  intercepted  drainage  .irea  at  Hartford,  Conmutn  ut  w.ml  i he 
compli’ted.  An  analysis  of  possible  storm  iii<l  flood  cot  diti-T.- 
shows  that  the  possibility  exists  for  floods,  mui  h eriuiter  th  ii. 
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those  experienced  in  March  19ib,  to  occur.  In  fact,  floods  of  greater 
intensity  than  that  of  193h  occur n d on  certain  tributaries  in  1927, 
1^38,  and  Shovild  such  an  intense  major  basin  flood  occur,  tiien 

the  existing  protection  aorks  on  ti'.e  lov-er  mam  stem  of  tin'  Connecti- 
cut, excluding  the  works  at  Hartford,  would  be  overtopped  and  im- 
measurable damages  and  untold  havoc  would  be  causeii. 

The  economy  of  the  basin  is  an  expanding  one  witl;  population 
expected  to  almost  double  in  the  next  50  years  and  urbani,:ation,  as 
measured  by  available  developable  area,  to  more  than  triple.  Such 
growth  will  result  in  increased  usagt'  of  the  tlood  plain.  This  is 
because  in  urbanized  areas  flood  plains  often  appear  to  be  the  most 
economical  areas  to  develop.  Ser\'ice  and  transportation  facilities 
are  usually  av'aiLable  and  land  outside  the  flood  plain,  available  for 
development  at  reasor-.able  cost,  is  limiteiL  Consequently,  if  left 
unchecked,  growth  will  occur  on  our  flood  plains  and  flood  damage 
notential  in  the  basin  will  increase  in  future  years. 

A discussion  of  damagt-  centers  on  the  main  stem  and  the  major 
tributaries  is  contained  in  Appendix  M while  th.ose  in  upstream  areas 
of  the  b.isin  are  discussed  in  Appemlix  F.  A brief  discussion  of 
flood  damages  in  upstream  areas  is  pri'sented  in  the  following  para- 
graphs. 

Av'erage  annual  flood  water  and  sediment  damage  in  the  up- 
strc.im  areas  of  the  basin  totals  approximately  $2.  1 million  at  pre- 
sent price  levels.  These  damages  occur  on  SO,  000  acres  of  up- 
stream flood  plain  land  as  show^1  in  Table  34.  The  location  and  ex- 
tent of  damage  areas  are  shown  in  detail  in  Appendix  F of  this  re- 
port, however,  in  gene  ral,  flooding  may  be  experienced  on  the  flooci 
plains  of  all  reaches  of  the  main  stem  and  its  tributaries  and  few 
communities  h.ive  escaped  damages  from  on<*  or  more  of  the  major 
floods  such  as  occurretlin  1927,  19  lb,  I'tlg,  and  1955,  During  such 
storms  highly  devf'loped  industrial,  commerci.il,  and  residential 
areas  received  major  damagi  . Generally,  tliese  highly  developed 
upstream  areas  sustain  minimal  damages  in  the  more  frerpient 
floods. 

Flooding  on  agricultural  land  oi'curs  (irimarily  from  snowim'lt 
runoff  whii'h  norm.tlly  produces  .innual  flooding  in  the  lovest  areas, 
consequently,  these  areas  are  usually  in  pasture,  perm.anent  grass 
or  idle,  Crojiping  of  land  less  subject  to  spring  flooding  is  pr.ic- 
tic.ed  with  ri'lati\idy  little  damage. 
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TABL.E  j-l 


l.AMD  USE  OF  AREAS  SUBJECT  TO  FLOODIXC 
IN  UPSTREAM  WATERSHEDS  1 ' 


Re  f er  -?r  ce 
Subdi’  iS-.o"  s 


'T  RB  ^ I 

>.ev)  Har’ps'' 4.43C 

I 

CFfr  : 

2,990 

CR9  j;::. 

^ t^w  Ra'^usO  920 


ermo  t 


CRB  . 

MassacRiJs ts  PbJ 

CR3 

Ooi  ' ect  -Cu*.  2 > 


tasi-.  Tola  . :o  ,780  12,000 


3 , 84 


1/  Based  on  estimated  area  inundated  by  a 100-year  flood. 
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Studies  by  the  Department  of  Agriculture  on  upstream  water- 
sheds indicate  that  floods  resulting  from  severe  rain  storms  during 
the  grov/ing  season  cause  serious  crop  damage.  They  have  an  ap- 
proximate five-year  frequency  of  occurrence  on  lower  areas  of  flood 
plain  but  are  less  frequent  on  the  higher  more  intensively  used  flood 
plain  areas. 

Of  the  total  annual  direct  non-agricultural  damages  of  1,  6 mil- 
lion dollars  in  upstream  areas,  the  study  indicated  that  about  70% 
was  to  urban  property  in  tlie  towns  and  villages,  Z6%  to  roads  and 
bridges,  and  about  4%  to  utilities.  The  indirect  damages  of  about 
$300,  000  are  distributed  in  about  the  same  proportion. 

During  the  recent  major  floods  - 19Z7,  1936,  1938,  and  1955  - 
damages  on  tributary  streams,  to  transportation  facilities  such  as 
roads,  railroads,  and  bridges,  were  the  major  part  of  the  total. 
Future  damages  from  recurrence  of  major  storms  will  have  a much 
lower  percent  of  the  total  damage  to  these  same  facilities  due  to 
abandonment  of  many  branch  line  railroads,  enlargement  of  bridges, 
and  highway  relocations. 

If  major  developments  should  occur  in  flood-prone  areas,  urban 
damages  can  be  expected  to  increase  substantially.  However,  it 
would  appear  that  more  towns  and  cities  should  follo^^  the  lead  of 
communities  in  the  State  of  Connecticut,  About  one-half  of  the 
flood-prone  areas  are  zoned  to  restrict  development  in  these  areas. 

Average  annual  damages  to  agriculture  from  flood  water  and 
sediment  are  estimated  at  $165,000  in  the  upstream  portions  of 
th.e  basin.  It  is  important  to  note  tliat  these  estimate's  do  not  cover 
the  flood  plains  of  the  main  stem  of  the  Connecticut  downstream 
from  Lancaster,  New  Hampshire  and  of  the  main  tributaries  with 
drainage  areas  in  excess  of  Z50,  000  acres.  About  65%  of  the  agri- 
cultural damages  are  to  growing  crops  and  pasture  and  15%  to 
fences,  farm  roads,  anei  otlier  improvements. 
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O.  FLOW  REGULATION  AND  AUGMENTATION 


FI0V.S  in  thf  Connecticut  Riv’er  Basin  are  affected  by  both 
natural  and  man-caused  regulation.  In  the  first  instance,  natural 
flou  s vary  seasonally,  v.  ith  high  flows  generally  occurring  from 
March  to  May,  and  low  flows  between  July  and  Septimber.  Monthly 
flows  at  selected  basin  locations  are  shown  m Figure  15.  .Man- 
caused  regulation  is  more  typically  daily  and  hourly  in  character, 
and  generally  occurs  due  to  the  operation  of  industrial  and  hydro- 
electric reservoirs.  Flow  on  the  mam  stem  is  regulated  by  15 
major  impoundments,  while  flows  on  almost  all  tributaries  are 
affected  by  impoundments.  Figure  16  shows  a profile  of  the  main 
stem  and  the  location  of  major  impoundments. 

Operation  of  the  11  hydroelectric  dams  on  the  main  river  is  in 
accordance  with  the  peak  power  demands  of  the  New  England  Market 
area,  and  also  hydrologic  factors  such  as  riviM-  flows,  availabU’ 
pondage  and  iwonomic  preference  of  generating  from  one  impound- 
ment in  lieu  of  another.  Figure  17  indicates  both  the  negligible  week- 
end flows  as  v\ell  as  the  intermittent  dailv  operation  durinc  week- 
days. This  figure  also  indicates  that  recorded  a\eragt  daily  river 
flows  do  not  refleit  instantaneous  flow  variations.  It  emphasizi's 
the  need  for  presi  rilied  minimum  instantaneous  flow  reb  asi  s from 
all  dams. 

Water  quality  analyses  made  during  the  study  and  described  in 
Appendix  D conclude  that  flow  augmentation  can  be  an  important  tool 
inimprovdng  v\ater  quality.  This  comprehensive  studv  measured 
only  the  dissoKed  oxygen  parameter  in  its  computer  evaluation  of 
flow  augmentation  and  water  quality.  Besides  raising  oxygen  levels, 
augmentation  will  also  have  an  important  effect  in  diluting  non- 
degr.adable  wastes,  diluting  wastes  from  diffused  sources,  in  in- 
creasing river  levels  for  fishing  and  recreating,  in  providing  high- 
er velocities  which  will  inhibit  aquatic  growth  in  lowering  stream 
temperatures,  and  in  generallv  providing  an  improveii  fluw  regimen. 

Tin  ni  i'i:  for  improvid  Lows  to  cniiaiim  tishing  .m  rt  . in.  lion 
are  nolefi  in  detail  in  .Appendice.s  G ani!  H resfie^  ! i\ i T. . i ,ow  s n 
c)  11 1 re (1  to  meet  f 1 s In  r\  go.i  1 s are  oe s . ri  be d 01  .Si  . t , ai  V-!  .tin;  ( i . ■! 
tilts  .ippenriiv..  Stre.iiii  flows  recjuim  u to  prov  idi  imnir  mi,  ri.i  rg  n.il 
and  optimum  rm  realion  v.ilue  are  pin  si  nted  m Appi  n li.  as  .1  gu.di 
to  the  lormiil.ition  ol  .'in  oper.ilion  sihecluli  for  ■'tn  .iir.  n gul.i'  nn. 

In  the  pre  p,i  r.it  ion  (,  1 tin  B.is  in  1 M.i  n 1 In  [iri  i 1 e . ; m g 1 . 1 e ren,  in. 
m inis  .itui  loinepts  wi  re  userl  ,is  .i  l),i.;is  loi'  p r 1 ■ p.,  r . u e 1 -I  ii.iti  ^ .it 
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the  flov.  augmentation  required  in  basin  streams.  In  certain  in- 
stances, particularly  on  upstream  reaches  of  tributaries,  projects 
are  needed  primarily  to  provide  flov.  releases  for  enhancement  of 
stream  fisheries.  On  the  lov,er  reaches  of  several  tributaries  flov.6 
are  needed  to  improve  v^ater  quality.  On  the  mam  stem,  flov,s  are 
needed  for  various  reasons  in  most  reaches  throughout  the  river. 

On  the  lov.er  main  stem,  belou  Holyoke  Dam,  f lov.  s will  assure 
adequate  waste  assimilation  and  help  maintain  adequate  project 
depths  for  navigation.  On  the  upper  mam  stem,  from  Groveton,  New 
Hampshire  downstream  to  the  Passumpsic  River,  increased  flows 
could  be  an  effective  measure  in  providing  the  oxygenation  necessary 
to  assimilate  wastes  and  to  maintain  water  quality  standards. 


Throughout  the  entire  main  stem  tlie  higher  flows  will  help  to 
dilute  bacteria  and  non- de gradable  wastes.  They  will  also  improve 
the  potential  for  recreation  throughout  the  river.  Finally,  general 
recommendations  of  the  Technical  Committee  for  Anadronious 
Restoration  include  requirements  for  improvc-d  flows  along  tht-  river. 
These  are  specified  m several  phases  m this  report  as  follows; 


Wilder  Dam 
Bellows  Falls  Dam 
Vernon  Dam 
Turners  Falls  Dam 


850  cfs 
1,  350  cfs 
1,550  cfs 
1 , 780  cfs 


The  Basin  Plan  attempts  to  meet  flow  needs  when'  they  can  bi' 
accurately  determined  and  also  tries  to  provide  sufficu-nt  ilexibility 
to  meet  either  future  mw'ds  or  more  precise  determination  of  present 
n e e d s . 
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VI.  ELEMENTS  OF  THE  BASIN  PLAN 


A.  OBJECTIVES 

1.  General 

The  following  three  objectiv'es  form  the  basis  of  plan  formula- 
tion for  the  Connecticut  comprehensive  investigations: 

- National  Efficiency 

- Regional  Efficiency 

- Environmental  Quality 

A fourth  objective  could  be  considered  and  that  would  be  to 
maintain  the  status  quo  and  not  satisfy  ^^■ater  resource  require- 
ments. Such  a line  of  action,  of  course,  would  not  require  plan 
formulation;  in  fact,  it  is  the  base  against  which  the  benefits  for 
any  plan  of  action  are  measured. 

The  Coordinating  Committee  has  attempted  to  formulate  a plan 
which  presents  a balance  of  all  three  objectives  - National  Efficiency, 
Regional  Efficiency,  and  Environmental  Quality  - a plan  that  provides 
for  optimum  development  of  the  basin's  resources,  fosters  the  ec- 
onomic growth  of  the  region  and,  at  the  same  time,  preserves  and 
enhances  the  unique  environment  of  the  Connecticut  River  Basin. 

2.  National  Efficiency 

National  Efficiency  is  getting  the  greatest  return  and  economic 
benefits  by  investing  in  water  resource  restoration  and  development 
from  the  viewpoint  of  the  whole  country.  Participants  in  this  study 
have  endeavored  to  produce  a plan  wherein,  the  individual  projects 
are  developed  to  a scale  which  maximizes  the  net  benefits.  That  is, 
the  size  of  the  development  was  increased  until  the  cost  of  the  last 
separable  increment  was  equal  to  the  benefits  produced  by  that  in- 
crement. In  line  with  the  guidelines  expressed  in  Senate  Document 
97,  economic  desirability  means  that  for  each  feature  of  the  plan; 

- The  benefits  exceed  the  cost, 

- Each  separable  segment  is  incrementally  justified. 
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- The  scale  of  development  provides  a maximum 
of  excess  benefits  over  cost. 

- No  more  economical  means  of  accomplishing  the 
same  purpose  is  precluded  by  the  project. 

This  means  that  in  addition  to  developing  a B/C  ratio  that  is 
greater  than  unity,  v,e  want  to  develop  plans  that  are  as  close  to 
maximum  net  benefits  as  study  time  and  data  permit. 

3.  Regional  Efficiency 

Regional  Efficiency  is  producing  the  greatest  return  in  economic 
and  social  benefits  by  investing  in  water  resource  restoration  and 
de\-elopment  from  the  viewpoint  of  the  Connecticut  River  Basin.  Not 
all  of  the  elements  in  the  recommended  plan  produce  the  greatest 
national  efficiency.  There  are  several  areas  of  the  basin  which  are 
presently  in  an  economically  depressed  state  when  compared  with  the 
economy  of  the  Nation,  the  econom.y  of  Neu  England  or  die  economy 
of  other  regions  of  the  basin.  The  study  has  tried  to  produce  pro- 
jects \>.hich  will  produce  a geographic  balance  of  social  and  economic 
benefits.  Several  of  the  projects  and  recommendations  of  the  plan 
are  in  areas  that  need  an  economic  push. 

4.  Environmental  Quality' 

Environmental  Quality  objective  of  framework  planning  is  the 
improvement  of  the  quality  of  the  environment  through  water  re- 
source ir.'  < stment.  This  objectiv'e  includes  not  only  preservation 
but  positive  measures  to  restore  and  enhance  the  present  environ- 
ment. The  goal  of  this  objective  is  to  insure  that  the  effects  of 
water  resource  dev'elopment  on  the  environment  are  carefully  de- 
fined and  evaluated.  It  is  not  possible  to  express  environmental 
objective  in  terms  of  national  income  or  national  objectives,  but 
there  are  some  systematic  ways  in  which  environmental  quality 
objective  and  effects  can  be  assessed.  It  is  important  that  tlie 
real  importance  of  various  effects  be  determined  within  our  plan- 
ning environment.  For  instance,  it  is  important  to  appraise  the 
fact  that  the  problems  of  environmental  quality  will  be  different 
in  one  section  of  the  basin  from  those  in  other  sections.  The 
relationship  between  man  and  his  urban  environment  may  be  to- 
tally different  from  that  between  man  and  a more  rural  environ- 
ment. This  env'ironmental  quality  objective  is  a new  approach 
in  water  resource  development  especially  as  concerns  the  resto- 
ration and  enhancement  aspects.  Within  the  limits  of  the  study, 
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time  and  available  data,  an  attempt  v.as  made  to  deterrrane  tbe  na- 
ture of  the  environment  of  tlie  Connecticut  River  Basin,  to  analvze 
v^hat  the  effect  of  the  future  population  and  water  resource  demands 
would  oe  on  this  environment  and  to  decide  whether  the  needs  to 
meet  these  dertiands  were  worth  the  change  that  they  might  brir.g 
about  in  the  present  environment. 

B.  GOALS 

1.  Water  Quality 

The  basic  goal  for  w.iter  quality'  in  the  Connectiiut  River  Basin 
was  the  attainment  of  the  joiitt  State-Federal  water  quality  standards 
which  have  been  established  by  the  States  of  Vermont,  New  Hamp- 
shire, Massachusetts,  and  Connecticut.  These  standards,  in  effect, 
are  an  initial  water  us<r  plan  for  the  basin  arrived  at  through  the  po- 
litical process.  They  provide  for  public  health,  public  enjoyment, 
water  supply  needs,  propagation  of  fish  and  wildlife,  and  economic 
and  social  development.  The  water  quality'  standards  include  use 
designations  for  each  v.ater  body;  criteria  for  measuring  the  qual- 
ity of  the  water;  and  an  implementation  schedule  for  tlie  construc- 
tion of  treatment  facilities.  In  general,  standards  require  that 
wastes  receive  secondary  treatment  with  disinfection  or  the  indus- 
trial waste  equi\alent  before  discharge  to  a receiving  water.  Cur- 
rent implementation  schedule  calls  for  completion  of  necessary 
treatment  facilities  by  about  the  mid-1970's.  Present  day  technol- 
ogy and  practicability  of  waste  treatment  require  that  the  adjacent 
waters  accept  some  portion  of  the  treated  v'.aste  generated. 

A major  goal  in  the  dev'olopment  of  the  basin's  water  resources 
is  to  provide  waters  suitable  for  recreation,  fish  and  wildlife,  en- 
hancement and  general  aesthetic  attractiveness.  Primarily  this 
should  be  accomplished  by  the  construction  of  at  least  secondary 
wastewater  treatment  facilities  prior  to  provision  of  flow  augmen- 
tation for  pollutiort  abatement. 

1.  Power 

Studies  were  made  to  determin*'  whether  economical  and 
favorable  sources  of  power  supply  could  be  developed  by'  the  Feder- 
al Government  in  the  basin.  As  a result  it  was  concluded  that  the 
1 'J80  power  necfis  of  the  basin  could  best  be  met  bv  the  on-going  pro- 
grams of  the  power  companies  in  New  England.  Primary  concern 
tlien  was  to  assuri'  that  development  of  water  resources  for  other 
[)urposes  did  not  preclude  opportunities  for  pro\iding  economical 
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power  and  tfiat  the  water  resource  requirements  of  power  develop- 
ment did  nut  adversely  limit  the  use  of  water  for  other  purposes. 

3.  Outdoor  Recreation 

In  planning  for  recreation,  in  view  of  the  unsatisfied  demand, 
major  emphasis  was  given  to  maintaining  the  present  quality  of  the 
environment.  It  is  not  felt  that  the  total  demand  for  additional  sur- 
face water  could  be  met  by  water  resource  development  without 
ha\-ing  an  ad\  erse  effect  on  tiiis  quality,  and  for  this  reason  the 
Coordinating  Committee  did  not  attempt  to  meet  the  total  unsatis- 
fied recreation  demand  for  1980.  The  Early  Action  Flan  atterr^pts 
to  meet  the  unsatisfied  demand  for  outdoor  recre.ition  without  re- 
ducing the  quality  of  the  experience. 

4.  Environmental  P re  se rvatiun 

To  insure  that  the  present  quality  of  the  environment  is  either 
maintained  or  enhanced,  the  Committee  feels  that  measures  should 
be  taken  to  nreser\e  areas  of  natural  ai,d  historical  significance 
within  the  basin  in  their  present  state.  The  goal  of  the  study  was 
that  this  be  accomplished  through  joint  Federal,  State,  and  local 
programs  and  that  it  be  done  in  conjunction  with  meeting  water  re- 
source needs  and  maximizing  multiple  benefits. 

5.  Anadromous  Restoration 

As  part  of  the  enhancement  of  natural  resources  of  tlie  basi!,, 
the  Committee  indorses  the  goal  of  restoring  historit  al  salmon  and 
shad  runs  to  the  river.  The  Committee  also  belie\u's  th.it  simultani' 
ously  with  the  establishment  of  the  anadromous  fisherv  there  should 
be  a program  of  streainbank  acquisition  to  make  this  nev\  resource 
available  to  the  public. 

b.  Resident  Fish  and  Wildlife 

The  objective  of  the  studv  was  to  satisfy  the  pressures  which 
are  exerterl  on  the  fish  and  wildlife  resources  of  the  basin.  The 
study  tried  to  meet  the  fishing  and  hunting  demands  of  the  expar>d- 
ing  population  while  insuring  that  atlequate  i.ontrols  in'  inqiosed 
to  protec*  and  enhance  the-  existing  stream  and  lake  resources. 
M>i|or  emphasis  w,is  placed  on  providing  high  qu.ilitv  w.ite  r,  impriwe 
mer.tol  l.ii  i lit  ie  s , precision  of  access,  and  supplen'entation  ot  flows 
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7.  'Water  Supply 


A goal  of  the  study  was  to  assure  that  all  projected  municipal 
and  industrial  needs  for  water  caii  be  met  adequately.  It  was  not 
felt  that  the  study  could  adequately  design  systems  for  each  com- 
munity in  the  basin.  However,  attempts  were  ittade  to  assure  that 
there  were  no  water  supply  problems  of  a magnitude  that  needed 
to  be  handled  with  a regional  solution.  'Where  possible,  water  sup- 
ply needs  of  local  communities  were  incorporated  in  multiple- 
purpose  water  development  projects.  The  study  also  tried  to  deter- 
mine whether  in-basin  water  supply  demands  could  be  met  before 
out-of-basin  diversions  were  permitted. 

8.  Navigation 

Navigation  goals  for  the  Connecticut  River  Basin  were  consid- 
ered in  three  parts.  First,  an  assessment  of  the  economic  feasi- 
bility of  improving  commercial  navigation  from  Long  Island  Sound 
to  Holyoke.  Second,  an  evaluation  was  made  of  the  economic  fea- 
sibility of  providing  recreational  boating  improvements  from  Long 
Island  Sound  through  White  River  Junction.  Finally,  an  assess- 
ment was  made  of  the  possibility  of  canoeing  improvements  on 
major  tributaries. 

9.  Land  Use,  Watershed  Protection,  and  Management 

The  objective  for  land  use  in  the  basin  was  to  assure  that 
optimum  use  could  be  made  of  the  land  to  meet  the  needs  of  the 
future.  The  attempt  was  to  develop  a plan  which  could  be  used  as 
a guide  in  future  land  use  adjustments  and  one  which  would  assure 
that  the  most  suitable  lands  are  retained  for  agriculture  and  en- 
vironmental quality.  Land  use  treatment  and  improved  iTiultiple 
use  management  measures  were  employed  to  reduce  erosion  and 
sediment.  Acquisition  was  utilized  as  a measure  to  preserve  and 
control  land  vvithin  National  Forests  proclamation  boundaries. 

1 0.  Flood  Control 

The  goal  of  the  study  was  to  provide  the  maximum  degree  of 
flood  protection  consistent  with  the  established  policies  of  economu 
justification,  the  safety  and  security  of  affected  communities,  and 
the  overall  well-being  of  the  people.  Emphasis  was  phiced  on  pro- 
tection of  existing  damage-prcme  ,ireas  and  also,  to  the  extent  pos- 
sible, on  the  elimination  of  further  flood  pl.iin  en«  roachment. 

The  Coordinating  Committee  endorsed  the  aims  of  the  Connecti- 
cut River  Valley  F lood  Control  Commission  in  securing  .ulequate 
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runoff  control  in  the  basin  and  the  conipletion  of  the  authorized  plan 
of  flood  protection.  Upstream  watershed  protection  and  flood  pre- 
vention project  measures  were  considered  equally  v\ith  major  control 
measures  such  as  large  reservoirs  and  local  protection. 

It  was  also  the  goal  of  the  Committee  to  inform  the  public  of 
the  alternative  measures  which  might  be  employed  and  to  encourage 
individual  coznniunities  to  assume  appropriate  responsibilities  such 
as  zoning  and  improved  building  codes. 

C.  STUDY  APPROACH 

Five  basic  steps  v.ere  performed  by  participai  ts; 

- Economic  projections  were  made. 

- An  inventory  was  made  of  all  available  resources 
and  present  development. 

- Needs  in  each  resource  category  veere  determined. 

- All  possible  potential  resources  were  evaluated. 

- A comparison  was  made  betvceen  resource  needs 
and  available  potential,  and  a plan  was  formulated. 

- A report  was  prepared. 

With  the  exception  of  the  first  step,  development  of  economic 
projec:tions,  which  was  done  outside  of  the  study  grcn'.p,  each  agency 
used  tlie  same  procedure  in  forming  its  plan.  The  four  steps  of 
this  procedure  were  used  repeatedly  by  each  participant,  for  t-ach 
water  resource  purpose,  for  each  suh-basin,  and  then  for  the  total 
basin.  Then  an  interim  report,  or  planning  aid  letter,  w,is  preparc-d 
and  submitted,  modifications  were  made  in  the  original  conclusions 
and  the  procedure  was  enacted  again.  Pi' r iodically  throughout  the 
study,  participants  brought  their  single-resource  oriented  views  to- 
gether in  roundtable  discussions,  where  further  .idjustments  ar.d 
compromises  were  made  or  new  study  areas  were  identified. 

As  noted  previously  every  effort  was  made  to  sol\e  problems 
or  to  satisfv  nei'ds  by  economical  use  of  e.xisting  facilities.  Lack- 
ing that  possibility  ar;  attempt  was  m.idi-  to  .iccomplish  goals 
modification  of  present  structures.  Final!'.  . wlu-n  it  bec.ime  e\'i- 
dent  that  new  proposals  would  be  required  to  fulfill  an  objective, 
the  emph.isis  w.is  phu'i'd  on  mul t iple -pa rpose  devi  lopme:  t. 
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The  following  paragraphs  present  the  elements  of  the  basin 
plan  as  they  were  formed  from  this  plan  formulation  process. 
Emphasis  was  placed  on  quantitatively  meeting  the  needs  and  goals 
of  the  1980  time  frame.  Beyond  1980,  and  through  the  year  Z020, 
the  study  identified  measures  for  meeting  needs  and  solving  prob- 
lems but  did  not  formulate  a plan.  Also  during  the  plan  formula- 
tion process,  numerous  alternative  courses  of  action  were  investi- 
gated and  are  discussed  fully  in  Section  VIII  of  this  Appendix. 

D.  ELEMENTS  OF  THE  1980  EARLY  ACTION  PLAN 

1.  Non-Structural  Measures 

a.  Areas  of  Preservation 

(1)  Identification  of  almost  600  sites  of  archeological 
importance  and  over  250  sites  of  either  natural  resource  or  histor- 
ical importance  with  the  recommendation  for  concerted  local,  State, 
and  Feo^ral  effort  to  protect  these  areas,  (Reference  Appendix  O) 

{^)  Acquisition  of  69,  300  acres  of  land  within  National 
Forest  proclamation  boundaries,  4,  300  acres  in  the  White  Mountain 
National  Forest,  and  65,000  acres  in  the  Green  Mountain  National 
Forest,  (Reference  Appendix  F) 

(3)  Zoning  of  flood  piains  along  over  200  miles  of  the 
main  stem  of  the  Connecticut  Riv'er  from  Saybrook,  Connecticut  to 
above  White  River  Junction,  Vermont  to  prevent  further  encroach- 
ment. (To  be  coordinated  with  (4)  and  (5)  below.)  (Reference  Ap- 
pendix M) 

(4)  Creation  of  a statewide  scenic  river  program  to 
preserve,  protect,  and  enhance  all  reaches  of  river  identified  in  the 
comprehensive  report  as  Wild,  Scenic,  or  Recreational.  Priorities 
for  stream  management  consideration  by  sub-basin  include  all  or 
part  of; 

Sub-basin  1 Sub-basin  II 


Indian  Stream  Nulhegan  River 

Upper  Ammonoosuc  River  Paul  Stream 
Nash  Stream  Moose  Ri\’er 

Phillips  Brook  Wells  River 

Aminonoosuc  Ri\er  Waits  River 

Ompompanoosui  Ri\-<>r 
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Sub -basin  III 


Sub-basin  IV 


Cold  River  White  River 

Ashuelot  River  Ottauquechee  River 

Williams  River 
West  River 


Sub-basin  V 


Sub -basin  VI 


Millers  River 
Tully  River 
Deerfield  River 
Sawmill  River 
Ware  River 
Swift  River  (Chicopee) 
Westfield  River 
Clam  River 


Scantic  River 
Farmington  River 
Sandy  Brook 
Hockanum  River 
Ketch  Brook 
Podunk  River 
park  River 
Salmon  River 
Dickinson  Creek 
Fawn  Brook 


(Reference  AppendLx  H and  Plate  K-17,  ) 


(5)  Streambank  acquisition  necessary  to  assure  public 
access  to  basin  fishery  resources.  To  be  coordinated  with  (3)  and 
(4)  above. 

(6)  Establishment  of  a three-unit  National  Recreation 
Area  in  the  Connecticut  River  Basin  generally  as  described  in  the 
recommendations  of  the  Bureau  of  Outdoor  Recreation's  'New 
England  Heritage"  report  (reference  Appendix  H)  as  follows; 

(a)  Federal  Action; 


- A three-unit  National  Recreation  Area, 

56, 700  acres 

- Gateway  Unit,  Connecticut,  2 1,500  acres 

- Mount  Holyoke  Unit,  Massachusetts,  12,000 
ac  re  s 

- Coos  Scenic  River  Unit,  New  Hampshire  and 
Vermont,  2 1,200  acres  (1,000  in  fee) 

- Connecticut  Valley  Trail,  100  miles  long 
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- Connecticut  Valley  Tourway  - suggested  tours 
on  existing  roads  to  points  of  historic,  scenic, 
educational,  industrial,  archeologic,  and  geo- 
logic interest,  Fede ral-State -local  cooperative 
effort. 

(h)  State  Action,  complimentary  to  the  three-unit 
National  Hecreation  Area: 


- Gateway  Unit:  Cockaponset  State  Forest  - 

expand  existing  holdings  to  form  a contiguous 
18,  300-acre  State  forest. 

- Mount  Holyoke  Unit;  Mount  Tom  State  Park  - 
expand  existing  Mount  Tom  State  Reservation 
adjacent  to  Mount  Holyoke  Unit  to  form  a 4,800- 
acre  State  park. 

- Coos  Scenic  River  Unit:  Connecticut  Lakes 

State  Park  - enlarge  existing  holdings  to  create 
a 14,000-acre  State  park  at  the  northern  end  of 
the  Coos  Scenic  River  Unit. 

- Moore -Come rford  Interstate  Park  - joint  de- 
velopment with  private  power  company  of  lands 
surrounding  Moore  and  Comcrford  Res('rvoirs 
to  form  a 15,400-acre  Interstate  park. 

(c)  Other  State  Action 

- Connecticut;  Glastonbury  Meadow  State  l^.irk  - 
4,400  acres  Windsor  Locks-King's  Ishind  State 
Park  - 350  acres. 

- Massachusi'tts:  Turiu-rs  Fa  lls-IS'orthfie  Id 

Mountain  State  Park  - 11,000  .u  res,  joii  t 
State-private  pov<.er  de\-iTupment , utilizing 
existing  State  lands  and  aequiMtion. 

- New  Hampshire  and  Vermont;  Rogers'  Rangers 
Historii  F^iverway  - 37,500  ,u  res.  lieferemi 
for  element  (h)  is  Appendix  H. 
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b. 


Areas  of  Managementor  Reallocation  of  Resources 


(1)  Reregulation  of  existing  impoundments  to  provide 
adequate  minimum  flow  releases;  specifically  minimum  releases  of 
0.2  cubic  feet  per  second  per  square  mile  of  drainage  area  at  four 
power  projects  on  the  main  stem  of  the  Connecticut  River,  namely 
Wilder,  Bellows  Falls,  Vernon,  and  Turners  Falls.  (Reference 
Appendix  Q,  Report  of  Subcommittee  on  Stream  Regulation) 

(2)  Continued  studies  into  feasibility  of  using  water 
supply  impoundments  for  increased  recreation  and  fish  and  v^ildlife 
use.  (References  Appendix  D,  G,  H,  and  R) 

(3)  Further  water  quality  studies  in  the  areas  of  storm 
and  sanitary  sewer  separation,  control  or  elimination  of  sludge  de- 
posits in  reservoirs,  and  excessive  runoff  and  sediment  from  agri- 
cultural and  urban  areas.  (Reference  Appendix  Q,  Report  of  Water 
Quality  Subcommittee.  ) 

(4)  Land  treatment  measures  to  204,000  acres  of  crop 
and  pasture  land,  823,  000  acres  of  private  non-industrial  forest 
land,  64,  000  acres  of  National  Forest  lands,  and  160,  000  acres  of 
urban  and  other  lands.  Soil  surveys  and  watershed  analysis  on 
306,  600  acres  of  National  Forest  land  and  fish  and  wildlife  surv'eys 
and  analysis  on  30,500  acres  of  National  Forest  land.  (Reference 
Appendix  F) 


(5)  Acceleration  of  planning  assistance  to  180  towns 
in  preparation  of  resource  inventories,  town  soil  reports,  and 
interpretations  and  flood  plain  studies.  Acceleration  of  soil  sur- 
vey programs  involving  1.5  million  acres.  (Reference  Appendix  F) 

(6)  Improvement  and  expansion  of  the  existing  flood 
warning  system. 

(7)  F^rograms  to  inform  public  of  availabilit\'  of  flood 
plain  insurance  and  flood  fighting. 

(8)  Expansion  of  present  basin  water  quality  monitoring 

sy  ste  m. 

(9)  Establishment  of  a reservoir  control  center  for 
regulation  of  reservoirs  during  critical  hydrologic  periods. 
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(10)  Effective  implementation  of  State  programs  par- 


ticularly with  respect  to  preservation  of  wetlands,  establishment 
of  encroachment  lines  and  programs  for  environmental  control. 

(11)  General  recommendations: 

- Establishment  of  an  urban  and  forestry  program 

- Modification  and  expansion  of  the  Agricultural 
Conservation  Program 

- Expansion  of  municipal  watershed  forestry 
assistance  programs. 

2.  Structural  Measures 

a.  Construction  of  those  waste  treatment  facilities  re- 
quired to  meet  State  water  quality  standards  in  the  basin.  (Refer- 
ence Appendix  D) 

b.  Expansion  of  the  existing  basin  power  supply  system  to 
meet  those  power  demands  which  will  be  allocated  to  the  Connecticut 
River  Basin.  (Reference  Appendix  I) 

c.  Construction  of  seven  major  reservoirs  in  which  flood 
control  is  a prime  purpose  included  is  one  project  in  the  design 
stage,  Beaver  Brook  on  the  Ashuelot  River  in  New  Hampshire.  Of 
the  remaining  six  reservoirs,  two.  Victory  on  the  Moose  River  and 
Gaysville  on  the  White  River  are  in  Vermont;  three,  Bethlehem  Junc- 
tion on  the  Ammonoosuc  River,  Clareniont  on  the  Sugar  River  and 
Honey  Hill  on  the  Ashuelot  River,  are  in  New  Hampshire;  and  the  re- 
maining site.  Meadow,  is  in  Massachusetts  on  the  Deerfield  River. 
Pertinent  data  on  these  projects  arc  shown  on  Table  , also  refer- 
ence Plate  K-2  and  Appendix  M. 

d.  Modification  of  three  existing  Corps  of  Engineers'  flood 
control  dams  to  include  allied  purpose  such  as  recreation,  fish  and 
wi'dlife  and  water  supplv.  Projects  are: 

- Knightville  Dam  on  the  Westfield  Riv'er  in  Massachu- 
setts to  be  raised  to  include  a pool  for  recreation 
and  storage  for  low  flow  augmentation  to  enhance 
downstream  fisheries 

- Barre  Falls  Dam  on  the  Ware  River  iii  M.issachu- 
setts  to  impound  seastuial  storage  for  low  flow 
•lugmentation  for  water  quality.  Possible  alterna- 
tive to  advanc<’d  waste  treatment  mi'asures. 
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- Union  Village  Dam  on  the  Ompornpanoosuc  River 
in  Vermont  to  provide  a summer  reereation  pool; 
contingetU  upon  the  solution  to  an  existiiig  vater 
quality  problem  on  the  West  Branch  of  the  river. 

- Tally  Dam  on  the  Millers  River  in  Massachusetts 
to  include  facilities  to  divert  uater  supplv  to 
Quabbin  and  to  pro\'ide  uater-basi'd  recreation 
acti\ity.  (Reference  Appendix  M) 

e.  Construction  of  throe  reservoirs  on  major  tributaries 
whei-e  flood  control  is  not  a primary  purpose  (Referenca-  Appendix  M); 

(1)  Blackledge  Dam  and  Reservoir  on  the  Salmon  River, 
Connecticut  for  recreation,  fish  and  wildlife  and  low  flow  augmentation. 

(Z)  Cold  Brook  Dani  and  Reservoir  on  Roaring  Brook, 
Connecticut  for  recreation,  fish  and  wildlife  and  minor  flow  augmentation. 

(3)  Gardner  Dam  and  Rcserv'oir  on  Otter  Rivi  r,  .Massa- 
chusetts for  low  flow,'  augmentation,  as  an  alternative  if  advanced 
waste  treatment  measures  are  not  effecti\e. 

f.  Local  flood  protection  projects  at  five  locations  in  the 
basin.  (Reference  Appendix  M) 

(1)  Westfield,  Massachusetts  - 4S,000  linear  feet  of 
earth  dikes,  about  1,500  feet  of  concrete  floodwalls,  two  pumping 
stations,  and  16,000  linear  feet  of  channel  impro\-ement  on  the 
Little  and  Westfield  Rivers. 

(2)  Lancaster,  New  1 latnpsh.iri-  - small  ice  retet.tion 
dam  on  the  Israel  River  about  one  and  one-half  miles  upstn-am  of 
its  mouth,  together  with  2,800  linear  fimt  of  channel  improvc'inent. 

(3)  Hartford,  Vermont  - impro\c'ment  to  1,  (RIO  linear 
feet  of  the  White  River  from  the  vicinity  of  Hartford  Bridge  to  tla- 
mouth. 

(4)  St.  Johnsburv,  V'ermont  - 1,200  linear  feet  of  pr.  - 
tective  earth  dike  ami  concrete  floodvall,  a r.iilro.id  gati-  structure, 
and  a pumping  station  loc.ited  on  tlu'  I'.issumpsic  Ri\er. 


(5)  Park  River,  Connecticut  - 12,816  linear  feet  of 
conduit  junction  strucutre,  headwall  and  pumping  structure  along 
the  Park  River  in  Hartford,  Connecticut. 

g.  Upstream  watershed  protection  projects  at  17  loca- 
tions in  the  basin.  (Reference  Appendix  F) 

(1)  Eight  PL566  watershed  projects  currently  au- 
thorized for  planning  are: 

- West  Branch,  Westfield  River  project,  Massachu- 
setts, comprised  of  95  square  mile  drainage  area 
with  11  storage  sites  retained  for  flood  prevention. 

10,  150  acre-feet  of  storage  for  recreation  and  fish 
and  wildlife  use  is  also  being  considered  as  a part 
of  the  project. 

- Upper  Quaboag  River  (Supplement)  project,  Massa- 
chusetts, comprised  of  147.4  square  miles  drainage 
area  with  5 storage  sites  planned  for  flood  prevention. 
3,  900  acre-feet  of  storage  for  recreation,  water  qual- 
ity and  water  supply  is  also  being  considered  as  a part 
of  the  project. 

- Wells  River  project,  Vermont,  comprised  of  7 
square  miles  drainage  area  with  6 storage  sites 
planned  for  flood  prevention.  7,  300  acre-feet  of 
storage  for  recreation  is  also  being  considered  as 
a part  of  the  project. 

- Sugar  River  project.  New  Hampshire,  comprised  of 
275  square  mile  drainage  area  with  10  storage  sites 
planned  for  flood  prevention.  15,400  acre-feet  of 
storage  for  recreational  use  is  also  being  considered 
as  a part  ofthe  project, 

- Blow-Me-Down  Brook  project.  New  Hampshire,  com- 
prised of  28.  3 square  mile  drainage  area  with  4 stor- 
age sites  planned  for  flood  prev^ention.  700  acre-feet 
of  recreation  is  also  to  be  considered  as  part  of  tlie 
project. 

- Indian-Mascoma  River  project.  New  Hampshire,  com- 
prised of  1 13.  6 square  mile  drainage  area  with  7 stor- 
age sites  planned  for  flood  prevention.  2 3,  000  acre- 
feet  of  storage  for  recreational  use  is  also  being  con- 
sidered a part  of  the  project. 
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- Gale  River  project,  New  Hampshire,  comprised  of 
91  square  mile  drainage  area  with  2 storage  sites 
planned  for  flood  prevention.  660  acre-feet  of  stor- 
age for  recreational  use  is  also  being  considered. 

- Indian  Brook  project.  New  Hampshire,  comprised  of  | 

2.  2 square  mile  drainage  area  with  1 storage  site  for  i 

flood  prevention.  780  acre-feet  of  storage  for  recre-  | 

ational  use  is  also  being  considered. 

(2)  Nine  potential  watershed  projects  are; 

- Mill  River  project,  Massachusetts,  comprised  of 
59  square  mile  drainage  area  \>.ith  3 storage  sites 
for  flood  prevention.  Included  is  3,800  acre-feet 
of  storage  for  recreation  and  water  supply. 

- East  Branch,  North  Riv^cr  project,  Vermont,  com- 
prised of  39  square  mile  drainage  area  with  1 flood 
prevention  site  which  includes  1600  acre-feet  of  stor- 
age for  recreation  and  fish  and  wildlife  use. 

- North  Branch,  Deerfield  project,  Vermont,  comprised 
of  50  square  mile  drainage  area  with  5 storage  sites 
for  flood  prevention.  Included  is  2700  acre-feet  of 
storage  for  recreation  and  fish  and  wildlife. 

- Wlietstone  project,  Vermont,  comprised  of  28  square 
mile  drainage  area  v\ith  5 storage  sites  for  flood  pre- 
vention. Included  is  5600  acre-feet  of  storage  for 
recreation  and  fish  and  wildlife. 

- Ball  Mountain  Brook  project,  V'ermont,  comprised  of 
35  square  mile  drainage  area  with  2 sites  lor  Hood 
prevention.  Included  is  4000  acre-feet  of  storage  for 
recreation  and  fish  and  wildlife. 

- Black  Brook  projei  f,  V'^i-rmont,  comprised  of 
square  mile  drainage  area  with  3 sites  for  Hood  pre- 
vention. 

- Passumpsic -Moose  Rivers  project,  Vermont,  com- 
prised of  574  square  mile  drainage  area  with  8 sites 
for  flood  prevention.  Included  is  1 5,  500  acre-R’ct  of 
storage  for  rei  reation  and  fish  and  v ildlife. 
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- Upper  Ammonoosuc  River  project,  New  Hampshire, 
comprised  of  254  square  mile  drainage  area  with  3 
sites  for  flood  prevention.  Included  is  43,200  acre- 
feet  of  storage  for  recreation,  water  quality,  and 
water  supply. 

- Mohav,k  River  project.  New  Hampshire,  comprised  of 
56  square  mile  drainage  area  with  2 sites  for  flood 
prevention.  Included  is  10,  000  acre-feet  of  storage 
for  recreation. 


h.  Completion  of  four  resource  conservation  and  dev'elop- 
ment  projects  which  have  substantial  areas  within  tlie  basin.  (Ref- 
erence Appendix  F) 


(1)  Nortli  Country  resource,  conservation,  and  develop- 
ment project  in  Coos , Grafton,  and  Carroll  Counties  with  1,201,700 
acres  in  the  basin. 


(2)  Eastern  Connecticut  resource,  conservation,  and 
development  project  with  26,  000  acres  in  the  basin  along  the  east- 
ern divide. 


(3)  Berkshire-Franklin,  Massachusetts,  resource, 
conservation,  and  development  project  uith  over  600,  000  acres  in 
the  basin. 

(4)  East  central  Vermont  resource,  conse r\ation,  and 
development  project  including  the  White  Riv^er  and  adjacent  areas. 

i.  Other  upstream  impoundments  at  118  sites  not  presently 
covered  by  existing  Federal  programs.  (Reference  Appendix  F) 

Sites  would  have  a total  storage  capacity  of  4(i3,  000  acre- 
feet  of  which  68,  000  acre-feet  v,ould  be  for  floodwater  and  sediment, 
156,  000  acre-feet  for  recreation,  111,  000  acre-feet  for  fish  and 
wildlife,  108,  000  acre-feet  for  low  flow  augmentation,  and  20,  000 
acre-feet  for  public  water  supply.  A total  of  18,  200  acres  of  water 
surface  area  and  flow  augmentation  benefitting  467  miles  of  down- 
stream fishery  would  result  from  tliese  sites. 

j.  Structural  developments  on  Nation. d Forests  lands 
(Reference  Appendix  f')  to  include: 


I 

I 

1 
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( 1)  555  acres  of  recreation  facilities 


(2)  310  acres  of  recreational  impoundments 

(3)  Z55  miles  of  roads  and  trails 

(4)  37  fire  control  heliports 

(5)  37  acres  of  fish  and  wildlife  impro\-ements 

k.  Navigation  improvements  as  follows; 

(1)  Deepen  and  widen  the  present  commercial  na\dga- 
tion  project  from  Saybrook  Light  to  Hartford, 
Connecticut 

(2)  Construction  of  a 32-mile  recreational  navigation 
project  from  Hartford,  Connecticut  to  the  viciniti' 
of  the  Williamansett  Highwav  Bridge  below  Holvoke, 
Massachusetts 

(3)  Recreational  navigation  improvements  on  the  main 
stem  of  the  Connecticut  Ri\-er  behind  the  Hoheoke, 
Turners  Falls,  Vernon,  and  Bellows  Falls  power 
dams.  (Reference  Appendix  L.) 

l.  Construction  of  fish  hatcheries  necessary  to  meet  re- 
quirements of  die  anticipated  resident  and  anadromous  fish  programs. 
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E.  POTENTIAL  2020  MEASURES 


The  "Long  Range  Plan"  or  "2020  Plan"  presents  an  identification  of 
potential  means  for  meeting  needs  of  the  2020  time  period.  These  po- 
tentials would  be  studied  in  more  detail  and  brought  to  the  attention  of 
local  interests  sometime  after  1980,  or  as  the  long-range  needs  appear 
to  materialize.  Future  studies  or  technological  innovations  may  indi- 
cate needs  other  than  those  identified  below  which  would  warrant  con- 
sideration . 

Several  of  the  elements  in  the  '2020  Plan"  are  extensions  or  ex- 
pansions of  those  found  in  the  Early  Action  Plan. 

1 . Non- structural 

a . Preservation,  Conservation,  and  Utilization 

(1)  /.s  population  expands  a more  concerted  Government 
and  private  effort  will  be  needed  to  preserve  sites  of  archeological, 
historical,  or  natural  importance.  (Reference  Appendix  O.) 

(2)  There  should  be  a continuing  expansion  of  flood  plain 
management  programs,  particularly  on  tributaries  to  the  Connecticut 
River,  to  prevent  further  encroachment  on  flood  prone  areas  and  re- 
duce future  damage.  (Reference  Appendix  M.) 

(3)  As  programs  are  established  in  regard  to  early 
action  recommendations  for  recreation  resources,  and  as  other  pub- 
lic and  private  actions  develop,  the  basin's  resources  and  the  region's 
socio-economic  characteristics  will  change.  A continual  program 
should  be  established  to  facilitate  earl.-  action  recommendations  to 
monitor  basin  resources  and  socio-economic  characteristics  and  to 
establish  new  priorities.  (Reference  Appendix  H.  ) 

(4)  The  streambank  acquisition  program,  necessar\  to 
assure  increased  public  access  to  the  basin's  fisher,  and  recreational 
resources,  will  need  to  he  expanded  to  other  trib  itarv  areas.  (Refer- 
ence Appendix  G.  ) 

b.  Areas  Where  In  prosed  Management  of  Existing 

Resources  Coulrl  Meet  2020  Neerls 


(I)  Re  - regii  latloii  - ,'\11  power  projects  of  each  utiiit. 
t‘  e basin  should  be  included  in  a single  license.  A minimum  flow 
1 ula,  ^-.uch  as  the  0.20  cfs  per  square  mile  cif  dr. image  recommended 


in  the  Early  Action  Plan,  should  be  applied  through  appropriate  pro- 
cedures to  all  power  storage  and  generation  projects  in  the  Connec- 
ticut River  Basin,  with  provisions  for  periodic  review  and  adjustments. 
(Reference  Appendix  Q - Report  of  the  Stream  Regulation  Subcommittee.  I 

Under  this  review  procedure  the  advisability  of  realloca- 
tion of  existing  storage  to  other  purposes  should  be  considered.  This  is 
particularly  relevant  to  existing  power  storage  reservoirs  if  conven- 
tional hydroelectric  generation  becomes  outmoded  or  otherwise  discon- 
tinued . 


(2)  Land  Treatment  and  Management.  - Land  treatment  for 
target  year  2020  will  be  needed  on  an  additional  i.i  million  acres;  com- 
posed of  50,000  acres  of  crop  and  pasture  land;  5.4  million  acres  of 
private,  non- industrial  forest  land;  and  150,000  acres  of  urban  and 
other  land.  (Reference  Appendix  F’ . ) 

(3)  Land  Resource  Planning . - By  target  year  2020  soil 
surveys  need  to  be  completed  on  an  additional  3 million  acres.  Also, 
an  additional  188  towns  in  the  basin  will  need  assistance  in  resource 
planning.  (Reference  Appendix  F.) 

(41  Water  Quality . - Additional  and  continuing  assess- 
ments are  needed  in  the  areas  of  combined  sewer  and  storm  water 
overflows,  eutrophication,  sludge  deposits,  pesticides,  land  drainage, 
and  erosion. 


Incentives  should  be  initiated  and  regulations  established 
to  encourage'  redesign  of  present  plant  processes,  recovery  processes, 
pre -treatment  measures,  and  land  use  practices  that  could  substan- 
tially reduce  the  volume  of  effluent  and  the  effect  .of  discharged  wastes. 
(Reference  Appendix  D.) 

(51  VV'ater  Quality  Monitoring  Programs.  - As  thi  popu- 
lation and  need  for  water  supply  inc  rc'ases  there  will  bc'  ,i  cc'intmuing 
need  to  expand  water  quality  monitoring  programs,  pa  rt  icul.i  r ly  ;>  s 
less  desirable  watersheds  are  used  as  sources  of  supply.  ldc;illv. 
coopc-rative  monitoring  programs,  inc  luding  local.  State,  ,ii  e.emu  . 
and  Federal  agencic'S  involved  m watc'r  cpialitv  monitoring  -'hould  be 
undertaken  in  order  to  minimi/,e  duplication  of  effort,  to  t.ike  .idvai.tagc' 
of  special  capabilities  .ind  to  reduce  cost.  (Reference  Aptien'iix  R.i 
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a.  Water  Quality 

Under  the  pressures  of  future  population  and  industrial 
expansion,  abatement  of  pollution  and  the  control  of  its  effects  must 
receive  continuing  evaluation.  Facilities  will  have  to  be  enlarged  and 
controls  above  basic  secondary  treatment  will  likely  be  required  in 
certain  areas  of  the  basin  if  water  quality  standards  are  to  be  main- 
tained. Regional  treatment  facilities  should  also  be  considered. 

As  noted  in  Appendix  D,  the  capital  cost  of  providing 
basic  minimum  secondary  vater  pollution  control  facilities  sized 
to  meet  the  2 020  projected  waste  load  is  estimated  at  $321,  000,  000, 
not  including  the  costs  of  operation  and  maintenance,  nor  construc- 
tion of  interceptors,  pumping  and  collection  systems. 

Controls  above  secondary  treatment,  through  comple- 
mentary actions,  including  advanced  waste  treatment  and/or  flov. 
augmentation,  are  available  and  could  be  provuded  to  assure  desir- 
able basin  development.  In  the  absence  of  other  supplemental  meas- 
ures, the  capital  cost  of  providing  advanced  vaste  tri-atment  for  the 
year  2020  is  estimated  at  slightly  over  $S-l , 000 , 000 , while  operation 
and  maintenance,  computed  on  a 25-year  life  of  project,  vould  be 
$111, 000, 000. 

As  the  total  impact  of  the  planned  treatment  program 
on  water  quality  is  felt,  problem  areas  tltat  may  emerge  will  be  cor- 
rected in  the  light  of  future  growth  patterns  and  technology  on  a case 
by  case  basis.  In  addition,  new  water  quality  advances  will  be  initi- 
ated. The  process  will  be  a continuing  one,  requiring  periodic  re- 
ev'aluation  of  the  standards;  further  technical  in\estigations  on  such 
matters  as  combined  servers,  o\'erland  drainage  controls,  process 
changes,  and  further  treatment  arrangements;  and  .t  constant  aware- 
ness of  the  close  relationship  betwaum  water  quality,  w.iter  use,  and 
land  use, 

b.  Power 


Assuming  the  s.ime  r.ite  of  growth  as  the  \'ew  Englaiui 
power  rnarket,  basin  energy  reqiiirements  niav  be  expc'ctcfl  to  k '.irnh 
from  2 3 billion  kilowatt-hours  in  P>H()  to  200  billion  kilowatt-hours 
in  2020,  Corresponding  capacity  demands  would  iiu  rease  from  5 
million  kilowatts  in  P'HO  to  12  ttiillion  kilowatts  in  2020.  On  this 
basis,  it  is  estimated  th.it  basin  demands  in  2(120  will  be  more  th.an 
the  basin's  .i v.i i l.ib !('  economic  supply,  rerpiiring  s ippK  from  s.  irces 
outside  the  b.isin.  If  present  trends  contin  i<-  then  2020  power  needs 
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will  likely  be  met  in  large  part,  by  nm  lear  fueled  base  load  plants 
and  pumped  storage  peaking  plants.  Fossil-steam  output  would  de- 
cline until  the  turn  of  the  century,  while  conventional  hvdroelect  ric 
generation  would  increase  moderately. 

While  the  general  location  of  fossil  and  nut  lear  steam 
units  is  fairly  W'cli  defined  in  the  basin  through  1990,  beyond  that 
time  siting  becomes  very  speculative.  At  this  time,  however,  it 
seems  that  the  large  base-load  plants  of  the  future  will  most  likely 
be  developed  on  the  main  stem  of  major  waterways,  the  estuary  reaches 
of  major  streams,  along  the-  coast,  or  on  the  shores  of  large  inland 
water  bodies. 

Appendix  I lists  25  conventional  hyd  roelc'c  t r u units  which 
have  potential  for  future  development,  as  well  as  10  pumped  storage 
sites  which  could  be  used  to  meet  future  peak  power  demands. 

c . Water  Supply 

Future  demands  will  necessitate  the  developmt-nt  and  use 
of  water  supply  resources  not  hitherto  utilized.  Bi-cause  of  the  gener- 
ous yield  from  the  basin's  streams  and  aquifers,  no  serious  problems 
with  respect  to  future  demand  are  anticipated.  Direct  stream  with- 
drawal. with  necessary  treatment,  may  be  usc-d  in  areas  where  ground- 
water  or  reservoir  sources  are  not  competitive  or  a\ailabh-. 

In  some  cases,  the  growth  of  certain  municipalities  may 
be-  curtailed  w'hi're  the  pattern  of  local  water  supply  systems  continues 
and  the  locality  is  in  a tributary  headwater  reach.  These  prolilems 
could,  however,  be  surmountc-d  hyadecjuatc'  region. il  pi. inning. 

One  f.actor  whic  h may  h.ive  a bc-.iring  on  luture  water  sup- 
ply demands  is  the  inte  r redat  ionship  betwwen  costs  of  waste  treatment 
and  use  of  water.  Industries,  for  c'xample,  mav  reduce’  thetr  use  oi 
process  watc-r  in  order  to  lower  the  cost  of  w.iste  treatme  nt.  (Ke  fer- 
e-nc  e>  Appe’ndix  D . ) 

f!  . \<i  \ ig.i  t ion 

In  19t)K  nc'arlv  i.T  million  tons  oi  comme  re  i'  wi  re'  h.indlc; 
in  the  Dong  Isl.ind  .Sound  to  ll.irtford  n.ivig.ition  impri>’,  i-mcnt  . i'ro  ict. 
ing  the-  t riTid  ol  reci’iit  yi’.irs  indii  .ites  th.ii  by  the'  yesi  r .’.l)2d  f.icilities 
will  be'  ni’i’de’d  to  h. indie  ll.S  niillion  Ions  of  c.irgo. 
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I At  present,  approximately  3,500  boats  make  up  the  re- 

[ creational  boating  fleet  moored  or  berthed  on  the  river  below  Hartford, 

i Considerable  growth  is  anticipated  in  recreational  boating  and  provisions 

j will  be  needed  from  both  private  and  public  sectors  for  handling  a greatly 

! enlarged  fleet  in  future  years. 

I The  boating  pressures  above  Hartford  will  likely  accelerate 

; particularly  with  the  effective  implementation  of  the  pollution  abatement 

and  improved  flow  regulation  and  flow  augmentation  programs  recommended 
in  this  report.  It  is  anticipated  that  boating  passage  may  be  required  at 
I main  stem  '^ams  up  to  and  including  Bellows  Falls.  Fassage  could  be  ac- 

complished by  marine  railway  or  navigation  locks  depending  on  the  density 
of  traffic  . 

Aids  to  navigation  would  be  needed  to  identify  safe  channel 
sections  in  the  pools  associated  with  the  Holyoke,  Turners  Falls,  Vernon, 
and  Bellows  Falls  power  dams.  (Reference  Appendix  L.) 

e . Fish  Hatcheries  and  Ladders 

By  2020,  recreational  use  of  the  basin's  resources  for  fish- 
ing could  increase  to  over  12  million  fisherman  days  or  almost  5 times 
the  present  demand.  Satis  fact  ion  could  be  achieved  by  continued: 

(1)  creation  of  new  reservoir  fisheries 

(2)  restoration  of  anadromous  fisheries 

(3)  enhancement  of  stream  fisheries 

(4)  abatement  of  pollution 

(5)  prov'ision  of  access 

(6)  and  establishment  of  low  flow  schedules 
(Reference  Appi'ndix  Ci . I 

f.  Multiple  Purposi-  Reservoirs  - Flood  Control 
and  Allied  l^ur;iose s 

I'he  Coordinating  Committi'c  has  identified  several  maior 
and  a number  of  small  upstream  mul  f ipl  e - pu  rpos  e reservoirs  whiih 
could  be  utilized  to  alleviate  thi'  2020  water  resource  needs.  The  maior 
reservoirs  are  shown  on  Plate  K-2  and  iru  hide; 

■^ite  1 ,(u  at  ion 


Indian  Stream  Ind  ian  St  ream  , New  Hamjishire 

Upper  .1  effe  rson  Israel  River.  New  Hampshire 
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Site 


Location 


Hammond  Hollow 
Falls  River 
Fort  Mo r r ison 
Natty  Pond  Brook 
Prince  River 
Lower  Bisbee 
Sandy  Brook 


^ shuelot  River,  New  Hampshire 
Falls  River,  Massachusetts 
Deerfield  River,  Massachusetts 
Ware  River,  Massachusetts 
Ware  River,  Massachusetts 
Westfield  River,  Massachusetts 
Farniington  River,  Massachusetts 


Seven  potential  Public  Law  5b6  small  upstream  watershed 
projects  containing  38  structures  have  been  identified  to  nieet  require- 
ments for  flood  control  and  allied  purposes  on  watersheds  comprising 
6b7,000  acres  of  the  basin.  The  7 projects  which  are  described  in 
Appendix  F and  shown  on  Plate  K-lb  would  be  located  as  follows: 


Ottauquechee  River,  Vermont 

Williams  River,  Vermont 

Saxtons  River,  Vermont 

West  River,  Vermont 

South  River,  Massachusetts 

Scantic  River,  Massachusetts,  Conm'ctiiut 

Coginchaug  River,  Connecticut 


There  are  a number  of  small  upstream  water  impoundnient 
sites  which  do  not  conform  to  the  requisites  of  Public  Law  ''tio.  Sixty- 
three  in  this  category  were  identified  for  their  potential  to  meet  future 
storage  needs,  although  allocation  of  specific  storage  purposes  was  not 
made.  These  are  also  di-scribed  in  Appemlix  F and  shown  on  Plate  K-le. 


g . Local  P rotection  Proje  t s 


Appi-ndix  M states  that  No  need  is  fore--een  for  major 
structural  flood  control  miuisures  beyond  wh<it  has  been  recommended 
in  the  1980  plan  '.  Howi’ver,  as  population  iiun-ases  ,itid  urban  l enti  rs 
become  more  concentrated,  communities  which  prenontlv  exist  in  the 
flood  plain  may  grow  to  a level  where  local  proteition  is  ei  otuuit 1 1 a 1 1 v 
justifiefi.  Out  of  the  many  local  protection  sites  in\  est  ig,i  t ed  se\en  (O 
were  considered  as  potentials  for  3030  dexelopment,  uhile  another 
sevi'n  may  makt'  it  in  future  studies. 


3030  LOCAL  PRO  TKC  TION  POTI  NTIAL.S 

(Iroveton,  .Neu'  ILimpshire  f(  Onnei.  t u ui  Rui  r) 
Leb.inon,  .New  llamp-lnre  (M.isioma  Uiveri 
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2020  LOCAL  PROTECTION  POTENTIALS 


East  St.  Johnsbury,  Vermont  (Moose  River) 
Ludlow,  V'ermont  (Black  River) 

Bellows  Falls,  Vermont  (Connecticut  River) 
Brattleboro,  Vermont  (Connecticut  River) 
Windsor,  Vermont  (Connecticut  River) 
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VII  BENEFITS  AND  COSTS 

A.  GENERAL  EVALUATION  - EARLY  ACTION  PLAN 

The  following  paragraphs  are  an  evaluation  of  the  capability  of 
the  Early  Action  Plan  to  meet  the  1980  vater  and  related  land  re- 
source needs  of  the  Connecticut  River  Basin. 

1 . Water  Quality 

As  noted  previously,  many  areas  of  the  basin  have  uater  qual- 
ity problems,  and  the  basic  goal  of  the  Coordinating  Committee  is 
to  meet  the  water  quality  standards  established  by  the  basin  States. 
Accordingly,  the  study  concludes  that  all  pollution  sources  adopt 
at  least  secondary  water  pollution  control  treatment  facilities  with 
85  percent  removal  of  biochemical  oxygen  demand  as  an  initial  step 
in  achieving  desired  w'ater  quality  levels.  The  cost  of  constructing 
such  facilities  is  estimated  at  $240  million  for  the  entire  basin  for 
the  year  1980  (assuming  20  year  project  life).  This  does  not  in- 
clude the  cost  of  operation  and  maintenance  nor  those  expenditures 
necessary  for  the  construction  of  interceptors,  pumping  stations 
and  collection  systems.  A breakdown  of  the  1980  and  2020  figures 
by  State  is  shown  in  Table  16  on  page  K-72. 

Assuming  that  secondary  waste  treatment  facilitie s a re  adopted 
throughout  the  basin,  there  are  still  a number  of  areas  which  will 
not  meet  State  classifications.  Water  quality  classification  in  these 
critical  areas  will  have  to  be  attained  by  higher  degrees  of  treat- 
ment, by  low  flow'  augmentation,  a combination  of  these  two  methods, 
or  by  other  means.  A list  of  critical  stream  reaches,  which  will 
have  varying  degrees  of  water  quality  problems  even  after  secondarv 
treatment,  is  shown  in  Section  V of  this  appendix.  The  following  is 
a brief  discussion  of  alternative  methods  by  which  water  quality 
standards  can  be  met  in  these  critical  regions: 

a.  Main  Stem,  Connecticut  River 

(1)  Upper  Ammonoosuc  to  Passumpsic  Rivers  - In  tl.is 
reach  pollution  em:inates  from  the  effluent  of  the  paper  and  pulp  pro- 
cessing plants  of  Groveton  Paper  Company  at  Groveton,  New  Hamp- 
shire. Sev^eral  means  of  allevdating  tliis  situation  were  analyzed. 

The  most  economical  solution  would  be  provision  of  a low  flow  aug- 
mentation reservoir  at  Indian  Stream  at  a cost  of  approximately  1 1 
million  dollars,  but  because  of  the  possible  environmental  effects 
of  Indian  Stream  and  due  to  insistence  of  the  State  of  New  Hampshire, 
the  plan  includes  advanced  waste  tre.atment  as  a solution  to  the  Grove- 
ton  problem.  Other  .ilte  rnati\e  solutions  for  soKing  this  pollution 


problem  were  investigated  and  are  included  in  Section  Vlll  of  this 
appendix. 


In  reference  to  existing  pollution  at  Moore  Reservoir,  low  flow 
augmentation  would  have  no  significant  value.  The  problem  in  this 
reservoir  is  caused  by  stratification  which  occurs  because  water 
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having  a maximum  density  of  4 C (39.2  F)  acts  as  a barrier  to 
overturning  and  mixing.  With  the  abatement  of  pollution  at  Grove- 
ton,  it  may  take  many  years  to  return  Moore  Reservoir  to  its  orig- 
inal environment  if  major  steps  are  not  taken  to  improve  its  condi- 
tion. Possible  solutions  to  this  situation  exist  in  such  structural 
measures  as  pumps  with  draft  tubes,  mechanical  aerators  or  aera- 
tion through  tubes  lying  at  the  bottom  of  the  water  body. 

(2)  Westfield  River  to  Interstate  Highway  91  in  Con- 
necticut - a second  portion  of  the  main  stem  of  tlie  Connecticut 
River  which  would  have  an  oxygen  deficit  by  the  year  2020  even 
after  secondary  waste  treatment,  is  the  reach  between  the  West- 
field  River  and  Interstate  91  in  Connecticut.  Improvement  to  this 
reach,  v.hich  will  liave  only  a minor  quality  problem,  can  be  accom- 
plished by  releases  from  the  main  stem  power  dams  on  0.  20  csm 
as  provided  in  the  Position  Paper  of  the  Subcommittee  on  Stream 
Regulation.  (Reference  Appendix  Q - Report  of  the  Subcommittee 
on  Stream  Regulation) 

b.  Ashuelot  River,  New  Hampshire 

The  Ashuelot  River  has  severe  water  quality  problems 
from  Keene  down  to  the  mouth  of  the  river.  Problems  are  caused 
by  discharges  from  the  city  of  Keene  and  industries  in  the  town  of 
Winchester  and  aggravated  by  extremely  low  summer  flovs.  There 
are  also  waste  contributions  from  overland  runoff  and  unidentified 
small  sources.  Construction  of  the  Honey  Hill  multiple -purpose 
reservoir  proposal  which  includes  storage  for  improving  flows  on 
the  Ashuelot  will  eliminate  most  of  the  residvial  water  quality  prob- 
lems. It  may  be  necessary  to  provide  advanced  waste  treat- 
ment beyond  the  year  1980. 

c.  Black  River,  Vermont 

The  Black  River  is  projected  to  have  v^atcr  quality  prob- 
lems from  Ludlow  to  Springfield,  Vermont  and  then  from  Spring- 
field,  Verrnont  to  the  mouth  of  the  river.  The  lower  of  the  two 
reaches  can  be  improved  by  flow  augmentation  from  the  existing 
Corps  of  Engineers  reservoir  at  North  Springfield  while  the  prob- 
lem in  the  Upper  Reach  could  he  solved  by  eithc’r  advanced  waste 
treatment,  or  upstream  flow  augmentation  reseiwoirs. 
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Millers  River,  Massachusetts 


On  the  Millers  River  the  main  source  of  pollution  occurs 
on  the  Otter  River  by  contributions  made  by  the  city  of  Gardner 
and  industrial  plants  in  the  village  of  Baldwins ville.  Construction 
of  the  flow  augmentation  reservoir  at  Gardner  could  provide  flov. 
augmentation  for  both  the  Otter  River  and  the  main  stem  of  the 
Millers  River  and,  at  the  same  time,  enhance  fishing  on  both, 
streams. 

Another  minor  trouble  spot  exists  on  the  Millers  River  from 
Otter  River  to  Winchendon,  Massachusetts.  Storage  in  the  amount 
of  1,000  acre-feet  would  provide  the  necessary  flov».  to  abate  pollu- 
tion within  this  reach.  The  most  feasible  approach  would  be  for 
the  Commonwealth  of  Massachusetts  to  acquire  Lake  Monomonac 
and  reconstruct  the  condemned  dam  one  foot  higlier  than  its  pre- 
sent elevation.  Recreational  opportunities  could  be  incorporated 
in  this  project.  A two-foot  fluctuation,  one  above  and  one  below 
the  recreational  pool,  v».ould  allow  sufficient  storage  to  meet  tlie 
acceptable  standards  of  this  reach. 

e.  Deerfield  River,  Massachusetts 


In  the  Deerfield  River  watershed  there  are  three  troubled 
reaches.  One  is  on  the  North  River  from  Colrain  to  the  movith  and 
another  on  the  Green  River  from  Greenfield,  Massachusetts  to  its 
confluence.  Three  proposed  watershed  project  retarding  structures, 
in  combination  with  advanced  treatment  or  diversion  of  the  Green 
River  effluent  to  the  main  stem  of  the  Connecticut  River,  would  al- 
leviate the  water  quality' problem. 

The  third  stretch  of  pollution  is  on  the  main  stem  of  the  Deer- 
field River  from  Chariemont  to  the  rriouth.  Either  ad\-aneed  waste 
treatment  or  upstream  watersln’tl  project  impo\indmei.t  s .d)ove 
Chariemont  w oulfl  assimilate  the  discharge  waste. 

f.  Chicopee  River,  Mass.ichusetts 

As  a cons('quence  of  inadec]uat('  sewage  Ireatmer.t  measuri's 
compounded  with  insufficient  Ijasin  flows  to  dissipati'  wasti'  discharge, 
a sc'rious  water  quality  prohletn  exists  on  tins  ri\er  as  v.ell  as  on  t o 
of  its  major  t riljuta  rie  s , the  (Juaboai;  at\d  W.iri'  Rivers. 

On  till'  Quaboag  from  Spem-er  to  I’almer  the  water  (ju.ilitv  will 
be  enhanced  to  meet  .icceptahh'  standards  with  the  i ■;  plementatioi. 
of  low  flov  augment.it  ion  stor.iue  in  the  propose.!  I'ppi  r Ou.llioag 
watershed  project. 


On  the  Ware  River  two  possibilities  v-ere  presented.  One  vvas 
seasonal  storage  in  the  existing  Corps  of  Engineers  flood  control 
dam  at  Barre  Falls  and  the  other  was  advanced  v.aste  treatment 
with  the  latter  being  preferred  by  the  Commonwealth  of  Massachu- 
setts at  this  time. 

As  a result  of  additional  flow  releases  from  the  Public  Law  566 
modification  on  the  Quaboag  River,  the  Chicopee  River  will  be  im- 
proved somewhat  but  will  still  need  treatment  beyond  secondary. 

g.  Westfield  River,  Massachusetts 


Pollution  occurs  in  two  areas  in  the  Westfield  River  water- 
shed. One  stretch  is  located  in  tlie  lower  reach  of  the  Little  River, 
a tributary  of  the  Westfield  River.  Here  discharge  wastes  from  the 
Stevens  Paper  Company  contributes  to  the  degradation  of  the  river. 
Along  the  Westfield  River  above  Westfield,  Massachusetts,  a minor 
pollution  problem  originating  from  the  Strathmore  Paper  Company 
also  exists  and  the  projected  waste  loadings  indicate  this  source  will 
become  of  major  importance  within  a few  years.  Various  water- 
shed project  structures  and  Corps  of  Engineers  impoundments  for 
low  flow  augmentation  for  assimilating  the  discharge  waste  were 
investigated.  Other  than  minor  low  flow  releases  from  tlie  Knight- 
ville  Reservoir  modification  adv'anced  waste  treatment  facilities 
appear  to  be  the  most  economical  solution  to  pollution  aViatement 
in  this  watershed. 

h.  Connecticut 

In  the  State  of  Connecticut  two  watershed  areas  are  in  need 
of  low  flow  augmentation  for  iiTiproving  water  qualits".  These  reaches 
are  located  on  the  Hockanum  and  the  Farmington  Rivers  with  a reat  h 
on  the  Pequabuck  River  which  is  a tributary  of  the  latter.  According 
to  the  State  of  Connecticut  pollutant  contributors  discharging  wastes 
into  reaches  of  stream  or  river  that  does  not  meet  acceptable  State 
standards  will  be  coerced  to  implement  v^hate\■er  treatment  required 
to  conform  to  water  quality  standards. 

In  this  study  various  large  and  small  reservoir  sites  were  in- 
vestigated for  lov.  flow  augmentation  for  water  quality.  Due  to  either 
physical  watershed  constraints  or  economic  just  i fiabil  i tv  none  of  these 
projects  were  recornmended  for  early  impU'nu'nt.ition.  The  approach 
as  dictated  by  the  State  of  Connecticut  appears  to  be  the  be.st  .tvenue 
of  conciliation. 
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The  comprehensive  study  concluded  that  the  region's  future 
power  requirements  would  be  met  more  economically  through  a 
combination  of  large  thermal  or  nuclear  base  load  electric  plants 
together  with  reversible  pumped  storage  projects  as  peaking  in- 
stallations. For  the  1980  time  frame  the  largest  block  of  power 
supply  will  come  principally  from  the  "Yankee"  nuclear  plants 
located  at  Vernon,  Vermont  and  at  Haddam  Neck,  Connecticut. 

Both  of  these  installations  have  the  capability  of  expanding  their 
power  output.  While  the  latter  can  be  doubled  to  1,200  mega- 
watts, the  former  can  triple  its  generating  capacity  to  1,800 
megawatts. 

Continuing  in  the  same  time  frame  an  increase  in  conventional 
hydroelectric  output  by  installation  of  a power  plant  at  Enfield 
Rapids  together  with  the  phasing  in  of  tv\o  nev  peaking  plants,  at 
Northfield  Mountain  and  at  Bear  Swamp,  is  contemplated.  An  ap- 
plication for  a license  is  on  file  with  the  Federal  Power  Commis- 
sion for  a 90-rnegawatt  Enfield  Rapids  conventional  hvdroelectric 
plant  on  the  Connecticut  River;  while  a license  has  already  been 
granted  by  the  FPC  for  construction  of  the  600-mcgawatt  Bear 
Swamp  pumped  storage  project  on  the  Deerfield  River  in  Massa- 
chusetts, The  1,000-megawatt  Nortlifield  plant  is  presently  under 
construction  and  will  be  completed  in  the  near  future. 

Beyond  1980  the  power  industry  uill  be  faced  with  a difficult 
task.  Electrical  power  needs  in  New  England  for  the  year  2020 
are  projected  to  be  more  than  11  times  their  1967  capability.  Un- 
less nev.  technological  advances  occur  to  assume  control  of  envi- 
ronmental ramifications,  the  advance  of  new  and  larger  fossil- 
fueled  and  nuclear  units  v^■ill  require  siting  in  the  estuaries  or 
along  the  coast  to  take  advantage  of  the  larger  volumes  of  availa- 
ble cooling  waters  and  to  avoid  expensive  cooling  towers. 

In  view  of  these  power  demands,  two  conventi(,)r.al  hydroelec- 
tric projects  which  were  economically  marginal  at  this  time  \ver<' 
retained  as  potentials  to  meet  these  long-term  future  power  needs. 

Potential  sites  for  pumped  storage  developments  in  the  Connecticut 
River  Basin  are  in  abundance.  A revii'w  of  the  most  econoitiicallv 
attractive  ones  show  a potenti.il  of  b,000  meg.aw.itts  avaikible  from 
ten  sites  iti  the  basin. 
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3.  Outdoor  Recreation 

Results  of  the  comprehensive  study  indicate  that  future  recre- 
ation participation  will  require  large  amounts  of  recreational  land 
and  water.  Even  after  existing  water  bodies  (not  including  water 
supply  reservoirs)  are  further  developed,  some  71,000  acres  of 
additional  water  surface  as  well  as  179,  000  additional  acres  of  land 
will  be  required  to  accommodate  this  projected  recreation  participa- 
tion under  the  present  standards  of  use.  These  totals  are  spread 
among  the  four  States  as  follows: 

Additional  Recreation  Lands  and  Water  in  Acres 


Land 

Wate  r 

New  Hampshire 

42, 000 

12, 500 

Vermont 

37, 000 

12, 570 

Massachiisetts 

55, 950 

24, 610 

Connecticut 

44, 150 

22, 140 

Total 

179, 000 

71, 820 

The  above  water  surface  estimates  do  not  take  into  account  the 
possibility  of  using  existing  water  supply  reservoirs,  which  would 
reduce  Massachusetts  estimates  to  11,450  and  Connecticut  estimates 
to  20,  840  acres. 

A comparison  of  projected  1980  water  surface  estimates  with 
potential  supply  in  the  Early  Action  Plan  is  shown  on  Table  35  on  a 
State-by-State  basis. 

Table  35  indicates  that  the  reservoir  portion  of  the  basin  plan 
falls  far  short  of  meeting  the  projected  estimates  for  new  water 
bodies.  However,  use  of  existing  water  supply  reservoirs  would 
reduce  the  unmet  need  in  Mas sachusctts  to  5,  035  and  the  unmet 
need  in  Connecticut  to  14,255  acres. 

The  Hartford  to  Holyoke  recreational  boating  project  together 
with  the  improved  river  access  of  the  National  Recreation  Area 
Gateway  Unit  would  add  .another  estimated  5,  500  acres  .and  reduce 
the  unmet  need  in  the  State  of  Connecticut  to  approxim.itcly  8,755 
.acres. 
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TABLE  35 


WATER  SURFACE  AREA  IN  ACRES 


N.H. 

vt. 

Mass. 

Conn. 

Planning  Aid  Esti- 
mates or  Water 
Surface  Needs 

12, 500 

12, 570 

24, 610 

22, 140 

Proposed  Corps 
Impoundments 

2,920 

3,  720 

930 

1, 965 

Proposed  Water- 
shed Project 
Impoundments 

4,  180 

1,  630 

1, 07  5 

- - 

Other  Proposed 
Upstream  Im- 
poundments 

2,  040 

4,270 

4,410 

4,  620 

Total  1980 
Impoundments 

9.  140 

9,  620 

6,  415 

6,  585 

Remaining 
Water  Surface 
Needs 

3,  360 

2,  950 

18, 195 

15, 555 
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Compared  to  water  surface  estimates,  the  1980  estimate  for 
an  additional  179,000  acres  of  land  can  be  more  completely  fulfilled. 
The  plan  contains  the  following  recommended  acquisitions  for  land: 

National  Forests  acquisition  69,  000  acres 

National  Recreation  Area 


~ Federal 

17  , 000 

- State 

42, 000 

Corps 

of  Engineers  impound- 

ments 

17, 000 

Upstre 

am  Watershed  Impound- 

25,  000 

ments 

and  other  upstream  sites 

Total  170,000  acres  [ 

I 

This  total  of  170,  000  acres  which  v.ill  be  made  available  to  the  | 

public  by  implementation  of  the  basin  plan  does  not  include  land  area  | 

which  will  be  included  in  the  recommendation  for  streambank  access 
for  resident  and  anadromous  fisheries;  or  land  within  the  wild  and 
scenic  stream  program;  or  land  made  av-ailable  at  State  and  local 
levels  through  such  programs  as  flood  plain  zoning. 

4 . Environmental  Preservation 

Implementation  of  broad  recommendations  made  concerning 
the  Basin's  significant  archeological,  historical  and  natural  resources 
will  help  to  preserve  these  features  for  future  generations.  It  will 
also  encourage  an  awareness  of  aesthetic  and  environmental  consider- 
ations in  all  future  water  resource  planning. 

Acquisition  of  b9,300  acres  of  land  within  proclamation 
boundaries  will  preserve  the  natural  integrity'  of  the  Green  and  White 
Mountain  National  Forests. 

Recommendations  for  statewide  scenic  river  programs  will 
protect  and  enhance  the  character  of  basin  streams,  and  guard  against 
unwise  exploitation.  The  Basin  Plan  identifies  28  tributaries,  or  por- 
tions thereof,  which  should  have  high  priority  for  streani  preser\at ion 
or  management. 
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Provisions  for  stream  augmentation,  fish  passage  facilities, 
hatcheries  and  improved  water  quality  will  aid  in  preservation  and 
restoration  of  fishery  resources. 

Programs  for  better  land  and  water  controls,  such  as  flood 
plain  zoning  and  management  and  streambank  acquisition  will  prevent 
adverse  development  and  utilization  of  basin  streams. 

5 . Fish  and  Wildlife 

The  impact  of  the  Early  Action  Plan  on  the  1980  fish  and  wild- 
life needs  of  the  Connecticut  River  Basin  is  discussed  in  detail  in 
Appendix  G.  The  plan  will  enhance  basin  fish  and  wildlife  through 
conservation  and  development  of  existing  resources,  pollution  abate- 
ment, improvement  of  access,  and  creation  and  development  of 
reservoir  fisheries. 

Acquisition  of  69,000  acres  of  national  forests  v.dll  help 
assure  that  public  hunting  and  fishing  opportunities  will  be  available 
in  the  basin  in  the  future. 

Continuation  of  State  and  Federal  programs  to  expand  recrea- 
tion facilities  will  undoubtedly  benefit  fishing  and  hunting  provided 
specific  provisions  for  fishing  and  hunting  are  assured  on  lands  ac- 
quired for  general  recreation. 

Zoning  of  areas  either  through  flood  plain  zoning  or  through 
the  State  programs  for  landscape  river  areas  will  have  a beneficial 
effect  on  fish  and  wildlife  resources.  Limitation  of  urban  and  in- 
dustria'  development  on  flood  plains  will  leave  accessible  areas 
near  urban  centers.  Public  hunting  and  fishing  in  these  areas  should 
be  encouraged  where  possible. 

As  a result  of  pollution  abatement  recommendation  fisheries 
resources  will  be  able  to  supply  an  additional  1 million  days  of  fish- 
erman use  per  year.  Provision  of  flow  augmentation  in  many 
reaches  of  tributaries  will  open  "new”  fisheries.  This  flow  augmen- 
tation will  result  in  a gain  of  over  140,000  fisherman  days  for  resi- 
dent fishing.  A significant  number  of  fishing  days  v>.ill  also  result 
from  improvement  to  the  anadromous  fishery. 

The  Early  Action  Plan  includes  improved  public  access  through 
the  National  Recreation  Area  Plan,  an  expansion  of  existing  .Stale  re- 
creation facilities,  improvement  of  access  to  existing  wal<’r  t)odi<‘s 


through  the  Wild  and  Scenic  River  program,  the  anadromous  fish- 
eries restoration  program,  and  the  resident  fisheries  component 
of  the  plan.  Access  to  the  river  for  fishing  will  also  be  provided 
by  the  recreational  navigation  improvements  recommended  in  the 
Early  Action  Plan  for  the  reach  of  river  between  Hartford  and 
Holyoke, 

All  of  these  access  improvement  programs  have  the  poten- 
tial for  enhancing  fishing  and  hunting.  It  is  important,  however, 
that  these  programs  specify  provisions  for  fishing  and  hunting  so 
that  these  accesses  are  not  omitted. 

Programs  of  streambank  acquisition  in  connection  with  the 
anadromous  program,  the  scenic  river  program,  the  National  Re- 
creation Area  program,  ami  flood  plain  zoning  will  also  pro\  ide 
significant  access. 

The  impact  of  tht;  navigation  projects  upon  fish  and  wild- 
life resources  will  depend  upon  the  nature  and  depth  of  the  areas 
to  be  dredged,  as  well  as  the  selection  of  spoil  areas.  During 
latter  design  stages  navigation  projects  should  consider  maximi- 
zing their  beneficial  impact  on  fish  and  wildlife. 

Construction  of  fish  hatcheries  to  provide  for  restoration 
and  maintenance  of  the  anadromous  runs  is  included  in  the  Earlv 
Action  Plan.  These  hatcheries  are  necessary  so  that  the  program 
can  be  achieved  initially.  Two  reservoirs  in  the  basin  plan  - 
Blackledge  on  the  Salmon  River  in  Connecticut  and  Honey  Hill  on 
the  Ashuelot  River  in  New  Hampshire  include  provisions  for  sup- 
plying water  to  salmon  hatcheries.  It  shouhi  also  be  noted  that 
similar  provisions  would  be  possible  at  several  other  maior 
mult  i])l  e - pu  r ])ose  reservoirs  such  as  Bethlehem  Junction  on  th<- 
.A,mmonoosuc  River  in  Neu  Hampshire  and  Gaysville  on  the  White 
River  in  Vermont. 

1 he  plan  .ilso  includi-s  recomniendat  ions  for  fish  passage 
t.iiilitics  at  ''  main  stem  dams.  Wilder.  Bellows  Palls.  Vernon, 
lurners  palls  and  llolvoke.  Thi'  recommendations  of  the  .Sub- 
committee on  Stream  Regulation  which  are  included  in  that  Sub- 
committf'e's  Position  Paper  state  that  the  aforementioned  main 
stem  dams  maintain  minimum  instantaneous  flow  releases  to  en- 
hatne  anadromous  lish  runs. 
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The  major  method  for  satisfying  fishing  needs  in  the  basin 
plan  is  through  the  construction  of  196  upstream  impoundments,  10 
major  multiple-purpose  impoundments,  and  modification  to  3 exist- 
ing flood  control  dams.  Construction  of  all  the  reservoirs  in  the 
plan  will  provide  over  16,000  acres  of  water  suitable  for  cold  water 
fish  species,  6,000  acres  suitable  for  warm  water  fish  species, 
about  13,000  acres  suitable  for  a combination  of  cold  water  and 
warm  water  fish  species  for  a grand  total  of  35,000  acres  of  water 
surface.  Many  of  the  sites  in  the  plan  will  provide  flow  augmenta- 
tion to  basin  streams,  as  well  as  surface  acres  of  pool  fisheries. 

Table  36  shows  the  impact  of  the  1980  basin  plan  upon  fish  and  wild- 
life needs.  Table  37  shows  the  impact  of  the  1980  basin  plan  upon 
requirements  for  surface  area  and  stream  miles. 

6 . Water  Supply 

Measures  identified  in  the  Early  Action  Plan  would  have  a 
pronounced  effect  on  water  supply  in  the  basin.  Groundwater  sources, 
noted  in  Appendix  E,  will  meet  the  needs  of  many  of  the  communities 
in  the  basin;  however,  the  major  portion  of  the  need  will  continue  to 
be  met  by  surface  water  sources.  Many  of  the  reservoirs  recommend- 
ed in  the  Early  Action  Plan  could  provide  water  supply  if  needed,  to 
local  communities.  The  study  indicated  that  in  most  instances  basin 
communities  have  the  capability  to  meet  anticipated  demands  without 
creation  of  regional  water  supply  systems;  however,  a number  of  the 
Early  Action  proposals  include  provisions  for  water  supply.  A sum- 
mary of  significant  water  supply  provisions  in  the  1980  plan  follows. 

Inclusion  of  3,000  acre-feet  of  storage  in  Beaver  Brook  Reser- 
voir would  meet  additional  1980  needs  of  the  City  of  Keene,  New  Hamp- 
shire . 


Inclusion  of  6,  700  acre-feet  of  storage  in  Honey  Hill  Resi'rvoir 
would  provide  water  supply  for  the  industrial  community  near  Win- 
chester, New  Hampshire,  and  also  provide  a constant  guaranteed  10 
MGD  of  surface  water  to  a possible  salmon  hatchery  on  the  Ashvielot. 
Similarly,  10  MGD  could  be  furnished  to  a possible  salmon  hatchery 
on  the  Salmon  River,  Connecticut,  by  the  proposed  Blackledge  Reser- 
voir . 


Out-of-basin  needs  of  the  Metropolitan  District  Commission  of 
Boston  could  be  met,  at  least  for  the  near  future,  by  the  70  MGD 
average  annual  flood  skimming  diversion  from  Nortlifield  Mountain 
to  the  Quabbin  system.  Also,  a portion  of  the  projected  1^80  needs 
of  this  system  could  be  met  by  a similar  flood  skimming  and  diver- 
sion from  the  existing  Corps  of  Engineers  reservoir  at  Tullv, 
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Impact  of  1980  Comprehensive  Plan  upon  fish  and 
wildlife  needs  In  man-days. 


Stream  Fishing 

Reservoir  Flshlna 

Waterfowl 

CRB 

Cold- 

Warm- 

Cold- 

laxsi. 

Warm- 

*ater 

Hunting 

PrgYidgd 

I 

New  Hamoshlre 
1980  Need 

0 

0 

0 

0 

0 

Satisfied  by 
Basin  Plan 

-5,650 

0 

0 

0 

0 

II 

Vermont 
1980  Need 

0 

0 

0 

0 

0 

Satisfied  by 
Basin  Plan 

1,450 

0 

0 

0 

200 

III 

New  Hamoshlre 
1980  Need 

85,100 

0 

33,200 

0 

0 

Satisfied  by 
Basin  Plan 

21,600 

0 

33,250 

0 

2,050 

IV 

Vermont 
1980  Need 

34 , 900 

0 

71,600 

14,800 

0 

Satisfied  by 
Basin  Plan 

23,100 

0 

71,650 

14,850 

0 

V 

Massachusetts 
1980  Needs 

112,800 

0 

313,100 

51,500 

0 

Satisfied  by 
Basin  Plan 

62,000 

0 

325,300^ 

51,600 

3,150 

VI 

Connecticut 
1980  Need 

240, 100 

0 

378,000 

238,300 

0 

Satisfied  by 
Basin  Plan 

40,500 

0 

427, 050^/ 

238,150 

3,150 

i/  12,200  f Isherman-days  In  CRR  V and  49,050  fisherman-days  In  CRP  VI 
added  to  assist  In  meeting  cold-water  stream  fishing  needs. 
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TABLE  37 


Many  of  the  needed  upstream  watershed  projects  contain  water 
supply  potential.  Within  the  8 projects  currently  being  planned,  the 
Upper  Quaboag  watershed  project  contains  water  supply  provisions 
for  the  town  of  Lester.  Within  the  9 potential  watershed  projects, 
the  Upper  Ammonoosuc  project  contains  water  supply  provisions 
for  the  town  of  Northumberland,  New  Hampshire. 

Of  the  118  recommended  upstream  reservoir  sites,  there  are 
9 with  a total  of  19,  000  acre-feet  of  water  supply  storage.  All  9 
sites  are  located  in  the  State  of  Connecticut  and  are  described  in 
Appendix  F. 

The  improved  stream  flows  which  will  result  from  implementa- 
tion of  the  basin  plan  will  increase  stream  capability  to  meet  pro- 
cess and  cooling-water  demands,  particularly  during  the  warmer 
months  when  flows  are  normally  low.  The  recommendations  for 
0.  Z csm  minimum  instantaneous  releases  by  main  stem  power 
dams  will  also  have  a beneficial  impact  on  meeting  industrial  and 
power  water  supply  requirements.  This  is  in  addition  to  providing 
a supply  of  riv'er  water  to  enhance  the  stream  fishery. 

Finally,  the  general  improvement  of  water  quality  and  stream- 
flow  management  will  make  possible  the  future  use  of  major  tribu- 
taries as  a direct  source  of  community'  water  supplv.  Expanded 
water  quality  monitoring  will  assist  in  this  respect. 

7.  Navigation 

Implementation  of  the  Early  Action  Plan  will  improve  commercial 
navigation  between  Long  Island  Sound  and  Hartford,  Connecticut.  Chan- 
nel deepening  and  widening,  with  a corresponding  easing  of  bends,  wo\ild 
provide  transportation  savings  to  some  5,000,000  tons  of  commerce 
anticipated  by  the  year  1080,  and  1 1,500,000  tons  projected  for  ZOZO. 

In  addition,  channel  widening  would  reduce  the  threat  of  all  barge  col- 
lisions, which  could  result  in  oil  spills  that  would  damage  fish  at;d 
wildlife  areas. 

( 

The  rapidly  expanding  demand  for  recreational  boating  would  he 
partially  met  by  the  3i-mile  Hartford  to  Holyoke  recreational  naviga- 
tion improvement.  It  would  provide  improved  conditions  to  over  10,000 
boats  which  ai.nually  ari'  launched  in  this  reach  of  the  river.  Also  it 
would  accommodate  4,  000  more  boats  in  the  future  than  could  have 
been  accommodated  without  this  improvement. 
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The  impact  of  new  water  bodies  in  meeting  boating  needs  is  de- 
scribed in  paragraph  3 of  this  section.  Also,  to  some  extent,  canoe- 
ing on  tributaries  will  be  enhanced  by  improved  stream  flows  through 
reser\'oir  construction  as  well  as  tlirough  re-regulation  of  existing 
reservoirs. 

8.  l.and  Use,  Treatment,  and  Management 


Many  of  the  elements  in  the  Early  Action  Plan  will  have  a bene- 
ficial impact  on  land  use,  treatment,  and  management.  Prograzns 
to  acquire  stream  bank  for  access  will  provide  open  space  buffer 
zones  between  developed  areas  and  the  limited  water  resources  of 
the  basin.  Zoning  of  flood  plains  would  have  a similar  effect  by  pro- 
viding land  for  parks,  open  space  and  agriculture.  Reduction  of 
flood  risk  and  improvement  of  water  quality  will  enhance  land  values. 
These  programs  for  acquisition  and  zoning  of  land  will  tend  to  offset 
tlie  impact  of  tlie  constantly  diminishing  areas  of  land  devoted  to 
agriculture.  Over  half  of  the  land  now  being  kept  in  an  open  cate- 
gory by'  reason  of  its  use  for  crops  or  pasture  is  projected  to  shift 
to  other  uses  by  1980.  By  Z020,  studies  indicate  that  less  than  15% 
of  current  crop  and  pasture  land  will  remain  in  its  present  use. 

Resource,  Conservation  and  Development  projects  will  assist 
in  planning  for  the  wise  use  of  resources  through  such  measures 
as  public  recreational  facilities,  private  income  producing  recre- 
ational enterprises,  and  rural  industries. 

Acquisition  of  69,  300  acres  of  National  Forest  Land  and  im- 
provement of  hydrologic  conditions  and  reduction  of  erosion  and 
sediment  will  increase  the  capability  of  our  National  Forests  to 
meet  other  resource  needs.  Examples  are  opportunity  for  recre- 
ation, redaction  in  storm  runoff,  reduced  erosion  and  sediment 
production,  increased  timber  production,  better  access,  enhanced 
scenic  values  and  preservation  of  natural  beauty. 

Recommended  program.s  would  provide  land  treatment  and 
management  measures  on  over  1.2  million  acres.  Included  would 
be  conservation  and  management  practices  on  204,000  acres  of 
crop  and  pasture  land;  823,000  acres  of  private,  non-industrial 
forest  land;  64,000  acres  of  National  Forest  lands;  and  150,000 
acres  of  urban  and  other  hinds. 


LAND  AVAILABLE  FOR  PUBLIC  RECREATION 
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Future  population  increases  are  expected  to  almost  double  the 
basin  population  density  by  the  year  2020.  Increased  pressure  will 
be  placed  on  outdoor  recreation  resources  which  are  developed  suf- 
ficiently to  be  available  for  public  use.  Figure  18  indicates  that  in 
1965  approximately  10.  2%  of  the  land  in  the  basin  is  publicly  owned; 
however,  less  than  1%  w'as  developed  for  recreational  purposes. 
Im.plementation  of  the  Early  Action  Plan  will  increase  publicly  availa- 
ble land  to  12.  6%,  but  more  important  it  will  increase  the  amount  of 
land  available  for  more  intensive  recreation  activity  such  as  camping 
and  picnicking  to  almost  3%. 

9.  Flow  Augmentation 

The  Early  Action  Plan  provides  for  improved  stream  flow  on  the 
main  stem  as  well  as  the  tributaries.  Recommendations  of  the  Stream 
Regulation  Subcommittee  would  increase  minimum  instantaneous  flows 
by  main  stem  power  dams  to  at  least  0.  20  csm.  Also,  recommenda- 
tions of  the  same  Subcommittee  provide  that  any  additional  flows  re- 
leased by  upstream  reservoirs  also  be  passed  by  the  main  stem 
power  dams.  The  effect  of  this  resolution  would  be  to  increase  flows 
for  sucl.  purposes  as  the  anadromous  fishery  program,  recreational 
boating,  water  quality  dilution,  and  aesthetics  in  general. 

The  Early  Action  Plan  would  add  significant  flows  on  many  of 
the  tributaries  primarily  to  improve  resident  fishing  and  stream 
quality.  Recommended  flows  for  fisherv  enhancement  are  shown 
in  detail  in  Appendix  G - Fish  and  Wildlife  Resources.  Appendix 
D - Water  Supply  and  Water  Quality  describes  minimum  flows  needed 
to  maintain  adequate  dissolved  oxygen  levels  throughout  the  basin. 
Appendix  F - Water  and  Related  Land  Resources  Management  and 
Use  and  Appendix  M - Flood  Control  describe  the  capabilitv  of  rec- 
ommended new  reservoirs,  to  provide  flow  augmentation.  More 
definitive  flow  releases  will  be  specified  after  elements  of  the  plan 
enter  design  stages. 

1 0.  Flood  Control 

The  Early  Action  Plan  for  alleviating  widespread  flood  damages 
in  the  Connecticut  River  Basin  is  comprised  of  the  following  four 
interdependent  parts: 

(1)  Seven  flood  control  reservoirs  plus  17  upstream 
watershed  projects 
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(Z)  Five  local  protection  projects 

(3)  Flood  plain  zoning  and  watershed  management 


(4)  Land  acquisition  for  recreation  and  for  fish 
and  wildlife  enhancement. 

The  first  part,  consisting  of  flood  control  reservoirs  located 
at  strategic  points  within  the  basin,  would  provide  the  greatest  amount 
of  protection  to  scattered  areas  experiencing  flood  damages.  Under- 
standably, the  construction  of  a reservoir  meets  with  the  coolest 
public  reception  as  it  sometimes  inconveniences  many  people,  tem- 
porarily upsets  the  community  and  sometimes  affects  the  sociological 
and  ecological  aspects  of  the  area.  However,  its  effectiveness  in 
reducing  flood  stages  and  alleviating  damages  to  many  communities 
in  the  basin  has  no  equal. 

Another  important  feature  of  the  recommended  reservoirs  which 
should  not  be  overlooked  is  their  ability  to  satisfy  other  purposes 
compatible  with  the  operation  of  flood  control,  such  as  low  flow  aug- 
mentation, water  supply,  and  water-oriented  recreation.  Using  res- 
ervoirs for  multiple-purposes  reduces  the  cost  allocated  to  each 
individual  purpose  and  results  in  greater  output  from  the  available 
natural  resources. 

Of  the  seven  major  multi-purpose  reservoirs  where  flood  con- 
trol is  a principal  project  purpose,  four  are  located  in  New  Hamp- 
sliire,  two  in  Vermont,  and  the  most  important  one,  affecting  the 
greatest  reduction  in  main  stem  flood  stages  is  in  Massachusetts. 
Together  they  would  control  flood  runoff  from  1,  087  square  miles 
of  the  basin  and  act  as  a system  to  reduce  flood  stages  along  the 
main  stem.  Individually,  thev  are  located  on  and  would  provide 
protection  to  the  following  tributaries: 

a.  New  HatTipshire 

(1)  Bethlehem  Junction  on  tlie  Ammonoosiic  River 

(2)  Claremont  on  the  Sugar  River 

(3)  Beaver  Brook  on  Beaver  Brook  - (Ashuelot 
River)  near  Keene  (under  design) 

(4)  Honev  Hill  on  tiic  Soutli  Br.incii  of  t)ie  Ashuelot 
Rive  r 
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b.  Vermont 


(1)  Victory  on  the  Moose  River 

(2)  Gaysville  on  the  White  River 
c.  Massachusetts 


(1)  Meadow  on  the  Deerfield  River. 

Pertinent  data  on  these  projects  are  shown  on  Table  40  and  their 
location  on  Plate  K-2  accompanving  this  appendix.  The  total  capital 
cost  for  construction  of  these  seven  multiple-purpose  reservoirs  will 
be  approximatelv  $129  million,  of  v>.hich  some  $86  million  would  be 
allocated  to  flood  control  and  $43  million  to  other  purposes.  Acting 
as  a svstem  the  seven  reservoirs  would  produce  over  $5  million, 
on  an  average  annual  basis,  in  flood  control  benefits. 

Installation  of  the  reconimcnded  17  upstream  watershed  projects 
under  Public  Law  566  will  eliminate  th.e  most  serious  flood  problems 
in  the  upstream  areas  while  also  providing  benefits  to  many  other 
water  resource  areas.  A discussion  and  analysis  of  project  benefits 
arc  contained  in  Appendix  F,  but  briefly  the  17  projects  would  pro- 
duce the  following  annual  benefits:  $7b0,200  _ flood  water  and  sedi- 
ment damage  reduction:  $709,900  - recreation;  $166,000  - fish  and 
wildlife;  $205,700  - water  supply;  $148,  000  - land  enhancement;  tind 
$439,800  - redevelopment  and  secondarv  benefits.  In  total,  these 
projects  would  produce  about  $2.4  million  in  benefits. 

Local  protection  projects  will  pre\-ent  flood  losses  in  several 
areas  in  the  basin  with  dnm.age  concentration  where  it  was  not  pos- 
sible to  provide  measures  which  benefitted  tnultiple  water  resource 
uses.  Econotnic  considerations  together  witli  environmental  and 
aesthetic  prohleins  and  public  acceptance  of  flood  control  measures 
were-  important  l onside rations  in  the  decision  to  include  local  pro- 
tection in  lieu  of  multiple -purpose  reservoirs.  Section  VI  of  this 
appendix  notes  that  in  the  basin  plan,  five  local  protection  projects 
are  recommended  along  tributarv  streams.  One  is  located  at  Lan- 
caster on  the  Israel  Riv'er  in  New  Hampshire.  Two  are  in  Vermont, 
one  on  the  Pa s svin'ipsic  River  in  St.  JohnsViur'.  .and  the  other  on  the 
White  River  in  the  community  of  Hartford.  In  Massachusetts  a ma- 
jor local  protci  tion  project  on  the  Westfield  and  Little  Rivers  in 
Westfield  is  also  recoinmended  for  the  Earlv  Action  Plan.  Round- 
ing off  the  pri.)tective  works  is  the  Park  River  Conduit  on  the  Park 
River,  Hartfortl,  Connecticut.  The  estimated  total  annual  cost  of 
these  five  loc.il  protection  projects  wcjuld  he  $1.4  million,  and  thev 
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would  provide  over  $1.  7 million  in  annual  flood  benefits. 

The  basin  plan  recommends  flood  plain  zoning  and  management 
along  the  main  stem  of  the  Connecticut  River  from  Long  Island 
Sound  to  the  vicinity  of  White  River  Junction,  Vermont,  a distance 
of  more  than  200  miles.  This  reach  of  stream  is  sho\'.n  in  Appendix 
M on  Plates  M-6  to  M-28. 

Flood  plain  zoning  was  included  in  the  basin  plan  primarily  to 
prevent  future  encroachment  on  land  that  is  susceptible  to  flooding. 
Through  zoning,  easement,  or  outright  purchase,  land  which  would 
have  been  developed  for  industrial,  commercial,  and  residential 
purposes  would  nov.  be  converted  to  uses  compatible  vith  occasional 
inundation  such  as  parks,  parking  or  recreation  areas  or  simply 
into  open  space  "green  belts".  Such  uses  may  have  smaller  finan- 
cial return  but  would  be  more  desirable  in  long-range  planning. 

It  should  be  emphasized  that  flood  plain  zoning  is  a local  respon- 
sibility and  its  effectiveness  will  depend  on  acceptaiice  and  enforce- 
ment by  local  or  State  interests.  A program  of  public  education 
will  be  necessary  to  enlighten  the  public  as  to  the  long-range  bene- 
ficial effects  of  wise  management  of  flood  plains. 

There  are  numerous  areas  in  the  basin  where  existing  residential 
development  in  the  flood  plain  is  not  concentrated  sufficiently  to  make 
protection  Vjy  reservoirs  or  dikes  economically  feasible.  In  most 
cases  it  would  not  be  practical  to  relocate  these  improvements;  there- 
fore, for  those  improvements  that  are  subject  to  flooding,  the  Secre- 
tary of  Housing  and  Urban  Development  is  authorized  to  establish  and 
ciirry  out  a National  Flood  Insurance  program  which  will  enable  inter- 
ested persons  to  purchase  insvirance  against  k>ss  resulting  from  floods 

A lanrl  acquisition  program  to  meet  the  growing  needs  of  recre- 
ation as  well  as  enhancing  the  fish  and  wildlife  opportunities  is  an 
integral  part  of  the  basin  plan.  The  Bureau  of  Outdoor  Recreation’s 
National  Recreation  Area  Plan,  which  is  a coordinated  Federal-Statc- 
community  frairu'work  plan  for  recreation  development  along  the 
main  stem  of  the  Connecticut  River,  together  with  the  programs  for 
id<‘ntifying  and  preserving  wild  and  scenic  roaches  of  stri'ams,  and 
acquisition  of  strenmbank  for  fishing  all  have  a very  important  ef- 
fect in  reducing  the  potc'ntial  for  flood  damage.  Such  a coordinated 
acquisition  program  will  (.-nable  future  development  on  these  lands 
to  be  limited  to  purposes  most  compatible  with  occasional  inund.ition. 
Also,  it  will  prevent  e xisting  natural  valley  storage  from  being  lost 
tlirough  diking  or  excessive  land  filling. 
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In  this  latter  sense,  the  importance  of  preserving  natural  val- 
' ley  storage  cannot  be  over  emphasized.  Two  reaches  of  the  Con- 

' necticut  main  stem  alone  contain  more  flood  control  storage  than 

! all  the  existing  and  proposed  Corps  of  Engineers  and  Soil  Conser- 

vation Service  projects  together.  These  are  the  reaches  of  river 
I between  MiddletowTi  and  Enfield,  Connecticut  and  the  reach  of  river 

between  Holyoke  and  Montague,  Massachusetts.  During  the  Stand- 
ard Project  Flood  (a  design  flood  somewhat  greater  in  magnitude 
than  the  record  flood  of  1936)  these  two  reaches  would  be  capable 
of  storing  550,  000  acre-feet  and  230,  000  acre-feet  respectively. 
The  critical  importance  of  this  total  of  almost  300,  000  acre-feet 
is  really  apparent  when  compared  with  the  total  flood  control  stor- 
^ age  of  532,  120  acre-feet  which  is  available  in  the  16  existing  Corps 

; of  Engineers  flood  control  dams  on  the  Connecticut  River. 

i 

f 

I 

I 
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B.  BENEFITS 


1 . Gt-ne  ral 

Benefits  were  evaluated  within  the  guiding  criteria  of 
Senate  Document  97,  B7th  Congress,  as  approved  by  the  President 
in  May  196Z.  In  general,  benefits  are  defined  in  this  comprehensive 
report  as  gams,  net  of  associated  costs,  in  the  value  of  goods  and 
services  which  result  from  conditions  with  the  project,  as  compared 
with  conditions  without  the  project. 

The  report  strived  to  indicate  and  to  evaluate  the  benefits  of 
measures  considered  during  the  plan  formulation  process.  Where 
benefits  were  of  an  intangible  nature  they  were  identified  but  not 
expressed  in  dollars.  Tangible  benefits  were  expressed  in  dollars 
where  possible;  but,  as  noted  in  the  following  paragraphs  which  de- 
scribe bem*fits  to  specific  water  resource  categories,  th«*re  are  some 
instances  in  which  adequate  data  were  not  available  to  translate  cer- 
tain tangible  benefits  into  dollar  values. 

The  study  tried  to  quantify  the  true  value  of  each  resource  pur- 
pose, as  more  than  merely  the  cost  of  providing  equivalent  benefits 
by  alternative  means.  Where  this  was  not  possible,  benefits  were 
considered  to  be  at  least  equal  to  the  least  costly  alternative  means  of 
accomplishing  the  same  end. 

Benefits  were  considered  to  be  those  gains  in  goods  and  services 
produced  by  the  Early  Action  Plan,  from  1980  throughout  the  life  of 
the  proiect  element  under  consideration.  Future  benefits  were  reduced 
to  present  worth  and  then  converted  to  an  annual  basis  at  a discount 
rate  of  4-7/8  percent. 

Individual  multiple-purpose  reservoir  elements  were  included  in 
the  Early  Action  Basin  Plan,  initially  and  primarily,  to  meet  specific 
water  resource  needs  projected  to  occur  by  the  year  1980.  Once  that 
element  was  inclutled  in  the  Basin  Plan,  it  was  then  examined  as  to 
its  capability  to  meet  other  needs  throughout  the  life  of  the  proposed 
protect  element.  This  was  to  assure  that  the  scope  of  development 
ma.ximi/es  net  benefits  produced  by  the  Basin's  resources,  and  that 
there  is  no  more  economical  means  of  accomplishing  the  same  pur- 
pose which  would  b»-  precluded  by  project  devolopment  . 

In  the  [ilanning  proci-ss,  the  study  recognized  the  effect  on  the 
environment  of  , ertain  courses  of  action  involving  lonservation  . res- 
toration and  preservation.  It  was  also  realized  that  the  environment 
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would  be  enhanced  in  most  cases  by  many  of  the  recommended  develop- 
ment measures  - -for  example,  improved  water  quality  through  treat- 
ment plant  construction  or  through  flow  augmentation.  In  other  situ- 
ations it  was  noted  that  an  action  producing  a positive  benefit  to  one 
segment  of  the  environment  simultaneously  caused  an  adverse  effect 
on  another  segment.  Often  the  remedy  was  provision  of  mitigating 
measures,  but  in  some  instances  satisfactory  mitigation  was  not 
possible.  At  these  times  decisions  were  necessary  as  to  whether  the 
general  welfare  of  the  people  could  best  be  met  through  the  considered 
development  or  through  maintaining  tlie  status  quo. 

Within  the  scope  of  this  report,  alternative  courses  of  action 
are  presented  where  there  is  an  obvious  environmental  problem.  Due 
to  study  limitations  and  the  broad  extent  of  the  Early  Action  Recom- 
mendations, resolution  of  most  environmental  problems  will  be  accom- 
plished in  more  detailed  design  stages  of  planning. 

2 . Water  Quality  Benefits 

Water  quality  benefits  are  tangible  in  the  sense  that  adequate 
quality  levels  make  possible  other  beneficial  uses  such  as  water  sup- 
ply, recreation,  fish  and  wildlife  enhancement  and  aesthetic  enjoy- 
ment. Enhancement  of  adjacent  land  values  and  corresponding  in- 
tangible benefits  also  result.  Benefits  are  most  often  widespread  and 
not  always  identifiable  to  the  beneficiary  and  in  this  sense,  are  usually 
regional  in  nature. 

Higher  levels  of  water  quality  mean  a savings  in  water  supply 
treatment  costs,  although  the  methodology  to  quantify  the  extent  of 
such  benefit  is  limited.  Appendix  D indicates  that  a correlation  can 
be  drawn  between  stream  flow  and  reductions  in  advanced  waste 
treatment  costs.  Certain  activities  are  completely  dependent  upon 
water  quality  uhile  others  are  enhanced  by  a high  water  quality. 

The  attainment  of  fish  and  wildlife  and  outdoor  recreational  goals 
in  the  Basin,  for  example,  are  dependent  on  the  availability  of 
adequate  water  quality. 

The  State  and  Federal  Governments  have  recognized  the  inherent 
value  of  quality  water  and  have  adopted  standards  to  restore  and  pre- 
serve it  for  the  future.  It  is  assumed,  therefore,  that  the  costs  of 
meeting  the  standards  are  a necessary  expense  and  at  least  equal  to 
the  cost  of  the  most  feasible  method  of  achievement. 
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3. 


Power  Benefita 


In  its  analysis  of  power  benefits,  the  investigation  was 
to  the  study  of  producing  power  through  either  conventional 
electric  generation  or  through  pumped  storage  generation, 
in  Appendix  C (Hydrology)  power  studies  were  based  on  t he 
assumptions: 


limited 
hydro- 
As  noted 
following 


- Future  large  thermal-electric  plants  would  be  the  primary 
source  of  base  load  supply. 


- The  logical  role  for  hydroelectric  plants  would  be  in 
meeting  peak  power  demands. 

- Only  siti's  with  drainage  areas  greater  than  square 
miles  were  considered  for  conventional  at-site  hydro- 
electric potential. 


- Sites  with  smaller  drainage  areas,  but  with  head  differ- 
entials in  excess  of  300  feet  were  considered  for  pumped 
storage  potential. 

An  evaluation  was  made  of  the  effect  of  proposed  reservoir  releases 
on  energy  output  by  existing  downstream  hydroelectric  plants.  In  this 
instance  an  energy  value  of  3 mills  was  used. 


Hydroelectric  power  benefits  were  based  on  the  cost  of  providing 
equivalent  power  by  the  most  likely  alternate  source,  to  serve  the 
same  market  area.  Throughout  the  site  screening  process  average 
basin-wide  values  of  $10  per  kilowatt  and  3 mills  per  kilow'att-hour 
for  energy  were  used  and  are  exclusive  of  costs  for  transformers 
and  transmission.  In  testing  for  the  economic  feasibility  of  adding 
hydroelectric  power  to  Corps'  projects  the  separable  costs  of  the 
addition  were  compared  with  the  costs  of  a publicly-financed  pumped 
storage  project.  In  this  instance,  values  of  $5  per  kilowatt  and  3 
mills  per  kilowatt-hour  were  employed. 

4.  Outdoor  Recreation  Benefits 

Benefits  for  recreation  were  generally  based  on  Supplement 
1 of  Senate  Document  97  and  vary  as  follows: 
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Area  I 


Area  Tv^pe 


Value  Per 
Recreation  Day 


High  Density  Recreation  $1.  50 

Areas 

Area  II  - General  Outdoor  Recreation  $Z.  00 

Area 

Area  III  - Natural  Environment  Areas  $2.  50 

Annual  benefits  for  water-based  projects  were  based  on  the  nuinber 
of  recreator-days  use  per  season  multiplied  by  the  value  per  recre- 
ation day. 


In  general  studies  and  site  screening  estimates  for  recreation 
facilities  cost,  exclusive  of  land,  vere  based  on  dollar  value  per 
recreation  day.  These  estimated  capital  costs  in  dollars  per  acre 
of  developed  land  are  described  in  detail  in  Appendix  H and  areas 
follows: 


Outdoor  Recreational  Land  Classification 


Sub -basin 


High  Density 


General  Natural  Environment 


Uppe  r 
Middle 
Lowe  r 


52,200 
58, 800 
6o, 600 


9,500  4,000 

11,000  4,400 

12,  500  5,  200 


Estimates  of  facilities  cost  for  those  recommended  major  reser- 
voirs are  based  on  actual  preliminary  development  layouts. 


In  addition  to  benefits  at  water  bodies  and  adjacent  land,  reaches 
of  streams  in  the  Connecticut  River  Dasin,  with  their  assov.iated 
land  were  evaluated  to  determine  their  potential  to  produce  recreation 
benefits.  Stream  flow  was  correlated  with  recreation  benefit  output 
for  selected  stream  reaches  of  the  Connecticut  River  Basin.  It 
should  be  noted  that  evaluations  are  subject  to  change  in  more  de- 
tailed field  studies  or  refinement  of  present  methodology. 
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5.  Fish  and  Wildlife  Benefits 


Fishing  benefits  were  considered  to  result  from  new  or  im- 
proved water  bodies  for  both  cold  and  warm  water  fish  species.  En- 
hancement of  stream  fishing  is  expected  to  result  from  improved  qual- 
ity and  quantity  of  flow.  Stocking  of  fish,  improvement  of  habitat,  el- 
imination of  undesirable  species,  preservation  of  stream  bed  and  ac- 
quisition of  streambank  are  also  measures  of  significant  benefit  to 
fishing  . 

For  study  purposes  the  measure  of  resident  fishing  benefit  was  the 
fisherman-day.  The  unit  value  attached  to  fisherman-day  varied  with 
type  and  density  of  fishing  and  location  in  the  basin.  Reservoir  fishing 
varied  from  . 50  to  $4.00  for  warn  water  fishing  and  from  $2.50  to 
$5.00  for  cold  water. 

Creation  of  additional  waterfown  habitat  would  encourage  an  in- 
crease in  waterfowl  use  by  migrating  birds  in  spring  and  fall  and  for 
nesting  and  rearing  young  in  summer.  The  increase  would  enhance 
wildlife  resources  and  was  measured  both  in  value  of  waterfowl  hun- 
ter-days provided  and  in  costs  of  providing  similar  habitat  by  the  most 
likely  alternative.  A unit  value  of  $4.00  per  hunter-day  was  used  in 
this  analysis,  together  with  an  average  annual  figure  of  appro.xunately 
$30.00  per  acre  of  habitat  created. 

An  anadromous  fisheries  program  was  initiated  by  the  State  fish  and 
game  agencies  and  the  Fish  and  Wildlife  Service  subsequent  to  passage  of 
the  19b5  Anadromous  Fish  Act,  wherein  Congress  recognized  the  impor- 
tance of  conserving  and  developing  the  anadromous  fishery  resources  of 
the  nation.  The  coordinated  program  developed  for  the  Connecticut  River 
Basin  has  as  its  goals  the  restoration  of  American  shad  and  Atlantic  sal- 
mon fisheries.  This  on-going  program  was  taken  into  account  during  the 
comprehensive  study  along  with  all  other  factors  ha\  ing  potential  for  con- 
tributing to  or  detracting  from  resource  capability  for  meeting  anticipated 
needs.  Insofar  as  any  features  of  the  basin  plan  were  determined  to  have 
potential  for  improving  the  amount  of  anadromous  fishery  resources  and 
opportunities  for  their  use,  benefits  were  computed  in  a manner  similar 
to  that  followed  in  the  case  of  other  fish  and  wildlife  ri'sources. 

The  value  of  flows  required  to  meet  fish  hatcherv  n«'eds  was  assumed 
to  be  at  least  ecpial  to  the  cost  of  the  least  expensive  source  of  supply. 

The  value  of  flows  to  enhanc<-  anadromous  fishing  was  determined  by  the 
number  of  fisherman-days  [irovided  and  multiplied  by  an  estimated  $0.00 
per  fisherman-day. 
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b . Water  Supply  Benefits 

Benefits  from  an  adequate  source  of  water  supply  are  often 
taken  for  granted,  and  are  usually  far  beyond  the  costs  of  develop- 
ment, even  though  the  latter  is  the  niost  conimon  technique  used  to 
evaluate  water  supply  benefits.  An  adequate  water  supply  is  vital 
to  the  well-being  and  economic  health  of  a community,  and  lack  of 
it  IS  usually  a deterrent  to  proper  growth.  Several  important  aspects 
are  a healthy  climati’  for  po|iulation  and  economic  growth  as  well  as 
protection  of  life  and  property  by  adequate  sujiplies  for  fire  protec- 
tion . 

In  lii'u  of  an  accurate  means  of  assessing  the  true  value  of  an 
adequate  water  supply,  a consercative  measure  of  th«-  tangible  seg- 
ment of  the  total  benefits  may  be  obt.iim'd  by  determining  the  amount 
of  money  that  people  pay  for  water.  Figures  for  each  of  the  six  sub- 
basin areas  ari'  containi'd  in  Appendix  D,  and  include  the  costs 
associateii  with  i omplete  operation  of  a municipal  system  including 
developnient . treatment,  distribution  operation  and  administration, 
and  for  jirivate  utilities  ,i  return  on  investment.  With  the  exception 
of  CRB  If  (Upper  V'ermontl,  the  average  cost  ot  aoniestic  water  ranges 
from  'tiJBl  to  S4o5  per  million  gallons  or  a total  annual  cost  of  from 
$140,000  to  $lt)ti,000  per  million  gallons  per  day  capacity.  The  annual 
cost  of  industrial  water  users  ranges  from  $4b.000  to  $1‘^0,000  per 
MGD  of  system  capacity. 

7.  Navigation  Benefits 

Navigation  benefits  were  considered  to  accrue  tci  both  recreational 
and  commeri  lal  waterway  improvements,  as  well  as  to  such  other  pur- 
poses as  enhancement  of  fishi'ries  and  subsecpient  use  of  stockpiled 
dredged  materials  for  construction  fill  purposes. 

Benefits  for  recreational  boats  were  i-valuatec!  as  the  net  annual 
return  that  lioatowners  would  enjoy,  should  improvenient  be  made,  it 
thi'ir  boats  were  on  a for-hire  basis.  The  net  benefit  reflects  the 
differeme  between  the'  return  that  could  be  .infuipated  basi'd  on  present 
restricted  use  of  tlu'  waterway  and  return  tl-.at  i ould  be  anticipated 
based  on  increased  use  after  water  -way  im pr oc  eni e nt  . 1 ,'va lual  ion s 

were  tnade  of  the  benefits  expeett’d  tci  be  reali  'd  by  the  existing  fleet 
after  the  proposed  improvement,  as  well  as  Miosi-  aiu  ruing  to  the  pro- 
S[iec  tive  flec't  reflecting  both  the  norm.il  growth  that  could  be  expec  ted 
without  the  improvement  and  the-  a c c f 1 c' r a t ed  growth  that  could  be  ex- 
pected .ifter  impro  vc-m  ent  . 
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Benefits  to  cornmerci^il  navigation  improvements  were  con- 
sidered to  result  from  the  savings  in  reduced  transportation  costs. 
These  savings  would  be  attributable  to  both  the  reduced  delivery 
cost  per  ton  made  possible  by  the  use  of  deeper-draft  vessels,  and 
also  to  the  savings  in  travel  because  of  channel  widening  and  easing 
of  hazardous  bends. 

8.  Land  .Management  and  Upstream  Watershed  Control  B^eLt^ 

Benefits  for  land  treatment  are  considered  to  be  a public  good 
as  indicated  by  the  1^54  action  of  Congress  in  adopting  the  Watershed 
Protection  anti  Flood  Prevention  Act  (Public  Law  St>t)|.  The  .Act 
emphasized  the  need  to  halt  unchecked  soil  erosion  and  e.xcessive 
runoff  on  rural  land,  and  to  reduce  flootiing  and  improve  drainage 
on  agricultural  lands,  in  addition  to  providing  other  beneficial  uses. 
Accordingly  benefits  accruing  to  i«*nd  treatment  measures  or  to  tech- 
nical assistance  programs  are  considered  to  be  at  least  equal  to  the 
most  economical  manner  of  accomplishment. 

Similar  rationale  applies  to  programs  to  provide  proper  land  and 
watershed  management  on  forest  land  which  now  makes  up  to  79  per- 
cent of  the  Basin  area.  Acquisition  of  land  within  the  proclamation 
boundaries  of  the  White  and  Green  Mountains  National  Forests  has  been 
recognized  as  properly  within  the  public  interest  in  countless  actions 
stemming  front  the  1911  Weeks  Act. 

Benefit  analysis  of  flood  control  features  of  the  upstream  water- 
shed program  (Public  L.aw  56o)  was  done  in  a manner  similar  to  that 
employed  for  the  larger  reservoirs,  as  discussed  in  Paragraph  9 of 
this  section. 

9 . Flood  Control  a n d Multiple-  I \i  r p qs  e Reservoir  Benefits 

Many  tangible  and  intangible  losses  are  caused  as  a result  of 
flooding,  many  of  which  cannot  be  evaluated.  HoweviT,  even  when 
monetary  evaluation  is  not  possible,  any  reduction  or  elimination  of 
loss  should  be  considered  as  a project  benefit. 

A list  of  benefits  attributable  to  flood  control  are  presented  in 
Appenflix  M and  consist  generallv  of  benefits  due  to  curtailment  of 
pri-sent  and  future  property  loss,  loss  ol  live,  wages  and  commerce, 
and  loss  flue  to  land  erosion  and  sedimentation.  Also,  there  is  the 
curtailment  of  the  loss  of  money  spent  on  flood  emergency  work.  On 
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th»-  posilivf  suit-  therf  is  thf  t-nhancemont  of  land  due  to  the  removal 
of  flood  potential,  the  establishment  of  peaee  of  niind  and  sense  of 
security  among  the  inhabitants  of  proti'Cted  ari'as. 

In  the  ease  of  multiple  - purpose  reservoirs  containing  flood  con- 
trol as  a purpose,  ttu  ri’  are  bt'nefits  not  related  to  floor!  loss  but 
\chich  are  made  possible  because  of  thi'  cost  sh.anng  advantage  of 
multiple  - purpose  reservoirs.  That  is.  the  sa\ mgs  brought  about  by- 
combining  st'\r-ral  \Aati-r  resource  purposes  together  in  oni-  project, 
niight  make  construction  er  onomically  feasibli-;  v.hereas,  individually 
they  mightnot  have  been  justified  for  constriu  tion.  Kxamples  of 
this  latter  benefit  uould  be  the  creation  of  rei  reation  and  fish  and 
wildlife  opportunities  at  a multiple-pu  'ose  ri-si  rvoir,  the  cnhancr  - 
ment  of  land  around  the  perimeter  of  tin-  pi-rmaiiint  pool,  or  the  pro- 
\ision  of  additional  public  access  to  the  Basin's  water  resourcr  s. 

Flood  control  measurr-s  also  act  to  r.onser\r  tlu-  land  resources 
of  the  Basin  by  redur  ing  erosion  anci  si-diim-ntation  and  by  making 
land  more  prochutive  by  removabU-  of  tin  flood  hazard.  7 hen-  arr- 
also  ecological,  en\  ironmental  and  n c reational  benefits  to  propi-r 
management  of  land  in  flood  plains.  Altliougli  not  strictly  a flood  con- 
trol benefit,  land  enhancement  around  the  perimeter  of  permanent 
pools  and  multiple  - purpose  n-si-rvoirs  was  evaluated,  Lami  enhance- 
ment behind  dikes  was  considered  but  due  to  tin-  extensive  magnitud'- 
of  the  comprehensive  report  was  not  evaluated. 

Not  all  of  these  benefits  have  been  evaluated  in  a monetary  sensi' 
in  this  report.  Th<'  principal  benefits  assi-ssed  were  due  to  the  cur- 
tailment of  loss  to  existing  structures  and  goods.  The  otlu  r bene- 
fits, although  not  evaluated,  should  be  considered  when  deciding 
priorities  among  the  projects, 

1 hi-  slud^  also  took  mite  of  the  possibU’  adverse  eflects  of  flood 
control  measures  such  as  thi-  I'conomic  ost  ol  implenu-ntat  ion,  in- 
convi-nieiii.  e or  disruption  to  people  m the  proj<-i  t vu  inity,  possibb- 
loss  of  productive  land,  as  well  as  environmental  and  ecological  ellems 
of  proposed  measures.  riiesi  adverse  effects  will  be  minimized  or 
eliminated  in  more  di  tailed  design  stages.  For  instance,  every 
effort  will  be  m.ide  to  relocati-  pi-ople  in  the  prvijei  t <irea  to  a suitable 
area  in  tlie  projei  t vicinity  and  to  ameliorate  lu  onomic  losses. 

Fish  losses  will  be  mitigated  by  hatchery  const  rue  t ion  or  other  means 
and  canoeing  although  lost  in  one  art'a  may  be  enhanced  in  another 
areit  by  reservoir  releases  chiriiig  a normally  drv  si-ason. 
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1 0.  Fluu  Au^nicrUation  Bet^efits 

Probably  the  most  difficult  area  of  analysis,  was  that  of  flou 
augmentation  b ene fits.  Practically  every  v.ater  resource  use  pointed 
to  a need  for  better  stream  regulation  uith  flous  during  the  summer 
and  fall  months.  Attempts  were  made  to  correlate  the  increase  in 
value  due  to  improved  flow  regime,  although  not  always  with  great 
precision. 

Values  were  attached  to  flows  required  to  meet  the  water  quality 
cUissifiCiitiotis  adopted  by  the  States.  In  those  instances,  the  cheapest 
alternative  cost  was  used  as  the  yardstick  for  benefit  measurement. 

Where  appropriate,  analyses  were  made  of  the  increase  in  power 
energy  at  downstream  power  plants  due  to  higher  flows.  Increases 
in  energy  output  were  translated  into  dollar  benefits  by  applying  the 
rnarket  value  for  power. 

Imprt)\-ed  recreation  and  fish  opportunities,  made  possible  by 
augmented  stream  flow,  v^ere  measured  in  dolhirs  per  user  day. 

Dollar  values  were  based  on  accepted  standards,  as  directed  by  the 
Water  Ri'sources  Council. 

In  cases  where  flow  augmentatinn  was  used  to  provide  water  sup- 
ply to  downstream  users,  benefits  were  measured  as  the  cost  of  the 
alternative  source  most  likely  in  the  absence  of  the  project.  As  in 
the  ev.ilinition  of  water  quality  recreation,  and  fish  and  wildlife,  this 
miinner  of  beiiefit  assessment  is  conservative. 

Several  .areas  of  accrued  value  due  to  improved  flow  have  not 
been  measured  in  dollars  and  cents.  One  ex.ample  is  the  enh.ai.ced 
land  value  caused  bv  iniproved  quantitv  and  qu,alit\  of  flow.  Studies 
utider  wav  bv  ti  e Corps'  Institute  of  Water  Resources  indicate  th.it 
there  is  a ver\  definite  monetarv  gain  attributable  to  improved  flow 
regimen;  although  .i  precise  technique  for  translating  this  gain  into 
dollars  and  cents  h.is  not  vet  been  developed. 

GeneralK,  tlie  E.irlv  Action  Plan  provides  for  significant  flow 
incre.ises  throughout  the  basin  which  would  provide  uses,  it  sh.ould 
be  noted,  however,  that  benefit  .assessment  due  to  flow  .lugmentation 
h.as  been  verv  conse  rwitive. 
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C.  COSTS 


In  preparation  of  this  report,  efforts  were  made  to  evaluate 
the  cost  of  implementing  the  entire  1980  Earlv  Action  Plan.  This 
was  done  with  the  understanding  and  realization  that  not  all  plan 
elements  are  susceptible  to  evaluation  at  this  time.  One  example 
is  the  flood  plain  zoning  program  wliich  would  be  implemented  by 
the  local  communities  and  tlie  States.  In  man\.  instances,  th.e  pro- 
gram can  be  accomplished  by  zoning  vithout  a transfer  of  money 
or  land  title.  On  other  occasions,  it  may  be  necessary  to  acquire 
land  if  zoning  of  required  stream  reaches  cannot  be  effected. 

Another  example  is  the  cost  of  several  of  the  areas  of  vater 
quality  improvement  such  as  separation,  of  combined  sewers,  and 
control  or  removal  of  critical  bottom  sludge  deposits  in  water 
bodies.  Extensive  design  or  research  is  t'.ceded  in  areas  such  as 
these  before  a meaningful  estimate  can  be  made. 

The  project  costs  arc  based  on  recent  price  levels  which  are 
considered  adequate  measures  of  value  for  labor,  goods,  and 
services  that  would  be  required  to  implement,  operate  and  main- 
tain a project. 

For  major  reservoirs,  estimated  investment  costs  invoKing 
tlie  economic  e\’aluation  of  projects  include  first  costs,  interest 
during  construction  for  1/2  the  estimated  construction  period  in  ex- 
cess of  one  year  and  the  present  worth  of  future  additional  facilities. 
Annual  costs  utilizing  an  interest  rate  of  4 7/8  percent  with  a pro- 
ject economic  life  of  100  years  include  interest  <ind  amortization  on 
the  total  investment  costs,  projected  annual  operation  and  mainten- 
ance costs  and  annual  equivalent  cost  of  major  replacements.  Loss 
of  taxes  on  lands  were  evaluated  on  current  tax  trends  and  the  net 
loss  of  productivdty  on  lands  was  included  in  certain  instances  where 
prior  reports  identified  these  economic  losses.  In  the  authoriz.ition 
report  all  such  losses  w.ill  require  a complete  detail  anal\  sis. 

D.  SUMMARY  OF  RENEFIT-COST  EVALUATION 

As  noted  in  Section  VIII-B  a benefit-cost  analysis  was  made  of 
e.ach  element  of  the  plan  where  monet.irv  e\-aluation  w.is  pi'ssibU'. 
Other  elements,  which  did  not  lend  thcmse]\-es  to  such  analysis, 
were  included  in  the  plan  if  the  Coordinating  Coinmittee  considered 
them  both  essential  to  the  satisfaction  of  basin  water  resource 
needs  and  comp.itible  with  the  overall  well-hc'ing  of  the  pei'ple  of  the 
basin. 
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Economic  anals  ses  are  considered  sufficient  to  determine  whether 
an  element  should  be  included  in  the  plan.  Later  individual,  detailed, 
project  design  will  refine  both  the  scale  of  development  and  the  bene- 
fits produced. 

Specificallv  a benefit  evaluation  has  been  made  of  each  of  the 
following  water  resource  projects: 

( 1 ) Eight  Upstream  Watershed  Projects  Currently 
Being  Planned 

Installation  cost  of  these  right  watersheds  is  an  estimated  $18.4 
million  of  which  $12.  8 million  are  allocated  to  flood  prevention;  $1.  8 
million  to  storage  for  water  supply,  water  quality',  and  fish  and  wild- 
life; and  $4.  1 million  for  recreation.  Annual  costs  amortized  at 
4 7/8  percent  interest,  100-year  project  life  are  abovit  $Q57,  500. 
Benefits  are  estimated  to  be  $1.  4 million  annually,  consisting  of 
$320,700  from  reduction  of  floodwater  and  sediment  damages, 

$593,000  from  recreation,  $122,000  from  fish  and  wildlife  devel- 
opments, $121,800  from  redevelopment,  $155,500  from  land  en- 
hancement and  $117,000  in  secondary  benefits.  Details  of  costs 
and  benefits  arc  shown  in  Table  F-66  of  Appendix  F while  the  allo- 
cation of  storage  and  costs  are  shown  in  Table  38  of  this  report. 

(2)  Nine  Potential  Upstream  Watershed  Projects 

Installation  cost  of  these  watersheds  is  estimated  at  $10.  3 mil- 
lion of  which  about  $12.  0 million  will  be  allocated  to  flood  preven- 
tion; $3.  5 million  to  storage  for  water  supply,  water  quality  and  fish 
and  wildlife;  and  $3.8  million  to  recreation.  Annual  costs  amor- 
tized at  4 7/8  percent  interest,  100-year  project  life,  are  about 
$940,000  annually.  Benefits  are  estimated  at  $1.  0 million  annu- 
ally, consisting  of  $440,  000  annually  from  reduction  of  floodwater 
and  sediment  damages,  $10,  500  in  land  enhancement,  $77,900  in 
secondarv  benefits,  $12  3,300  in  redevelopment,  $118,800  in  recre- 
ation and  $205,700  in  water  supply.  Details  of  costs  and  benefits 
are  shown  in  Table  F-66  of  Appendix  F while  the  allocation  of  stor- 
age and  costs  are  shown  in  Table  39  of  this  report. 

(3)  Seven  Major  Reservoirs  with  Flood  Control  as  a 
Primary  Purpose 

These  projects  are  discussed  in  detail  in  Appiuidix  M.  Pertinent 
data  are  shown  in  Table  40,  benefits  are  shown  in  Table  41,  c<'sts  are 
slujwn  in  Table  42  and  a comparison  of  the  two  is  shown  in  Table  4 3. 
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(•}  ) Three  Major  Reserv'uirs  Where  Flood  Cuntrul  la 
Not  a Primary  Purpuae 


Tliese  projects  are  discussed  in  detail  in  Appendix  M.  Bene- 
fits are  shown  in  Table  41,  costs  are  shown  in  Table  42,  and  a 
comparison  of  the  two  are  shown  in  Table  4 3, 

( 51  Five  Local  Protection  Projects 

Local  protection  projects  are  discussed  ii;  fletail  in  Appendix 
M.  A summarv  of  costs  and  benefits  is  sliown  on  Table  44. 

( 6)  Hartford  to  Holyoke  Recreational  Navigation  Project 

Benefits  arc  expected  to  accrue  primarih  to  recreational  boat- 
ing rilthough  the  project  would  also  benefit  commercial  navigation, 
fisheries,  and  hmd  values.  Total  annual  bi'nefits  {50-vear  life  4 7/8 
percent)  are  estimated  to  be  $1,  543,  000  and  are  described  in  detail 
in  Appendix  L.  Average  annual  costs  are  estimated  at  $624,  100, 

(7)  I,ong  Island  Sound  to  Hartford  Commercial  Navigation 
P r oj  e c t 

Benefits  are  expected  to  ac^  rue  primarily  to  transportation 
savings  resulting  from  chevnical  deepening  and  widening.  Bene- 
fits and  costs  are  discussed  in  detail  in  Appendix  L.  Total  annual 
benefits  (50-year  life.  4 7/8  percent)  are  estimated  to  be  $1,024,000. 
■Average  annual  costs  are  estimated  at  $400,  000, 

Summary  of  Costs 

Table  4“^  presents  .i  Summary  of  Costs  L>r  the  La.rlv  .Action 
Plan  to  give  perspective  on  the  m.agnitude  ol  effort  tliat  will  be  in- 
volved in  meeting  basin  water  resource  needs  fur  the  1480  time 
frame.  Several  of  the  elements  of  the  pl.in  h.ive  not  been  evalu.ited 
bec.ause  they  .ari'  beyond  the  limits  of  this  study.  Lx.amples  .ire 
segments  of  tlu'  w.iti’r  fjU.ilit\'  element  di'.iling  with  sewer  separa- 
tion, uncontrolled  riuioff,  di\  ersion  ot  w asti'w .ite  rs  .ind  bottom  de- 
posits. 

The  cost  of  other  elements  of  the  pl.in  have  been  ,i  pp  roxi  m.i  t ed , 
based  on  iiver.ige  unit  prices.  Ex.imjiles  of  the  hitter  would  be  those 
costs  for  providing  the  aildition.il  1,  titU'  meg.iw.dts  ol  power  required 
by  the  year  1480  or  provision  of  .ucess  .ilong  banks  ol  stre.ims  or 
perimeters  of  water  bodies.  Detaileil  st.  dies  ol  projei  t .ire.i.s  will 
be  necessary  to  arri\e  .it  more  prei  i.se  estim.ites. 
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adfli  ti<jriril  15,  000  ac  rr-ieet  of  flood  c ontrol  storage. 
L.tnd  oriented  recreation  facilities  to  be  provided. 


BENEFITS  FOR  MAJOR  RESERVOIRS 
($1. 000) 


COST  INFORMATION 

MAJOR  DAMS  AND  MODIFICATIONS  TO  EXISTING  FLOOD  CONTROL  DAMS 

(in  $1,  000) 
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TABLE  43 

COMPARISON  OF  ANNUAL 
BENEFITS  AND  COSTS  FOR  MAJOR  RESERVOIRS 


Projects 

NEW  HAMPSHIRE 

Bethlehem  Junction 
Claremont 
Beaver  Brook 
Honey  Hill 


Total  Total 

First  Costs  Benefits 

($1,000) 


16, 000 
20, 910 
1,  660 
11, 100 


1.  310 
1,436 

268.  9 

2,  310 


Total 

Charges 


648 
1,233 
96.  8 

b82 


Benefit 
Cost  Ratio 


VERMONT 

Victory 

Union  Village  •" 
Gaysville 

MASSACHUSETTS 

Meadov^  y 
Tully  - 
Gardner 
Knightville  ~ 

CONNECTICUT 

Cold  Brook 
Blackledgc 


1/  Modification  to  Existing  Corps  of  Engineers  Reservoir 


6,  600 

563 

439 

1.  3 

1,  300 

233 

84 

2.8 

31, 600 

2,  676 

1,850 

1.  4 

41,400 

2,769 

2,403 

1.2 

18, 700 

2,019 

1,453 

1.  4 

4,  070 

338 

272 

1.2 

4,400 

680 

253 

2.  7 

4,  700 

710 

302 

2.  4 

18, 300 

2,094 

1 . 080 

1.9 
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l.OCAL  PROTECTION  PROJECTS 
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TABLE  45 


SUMMARY  OF  COSTS 
EARLY  ACTION  PLAN 

WATER  QUALITY 


1.  Secondary  Level  Treatment  for  1980  $ 240M 

2.  Advanced  Waste  Treatment  for  1980  14 


3.  Others  (Costs  not  available) 

Low  Flow  Aujjmentation 
Combined  Sewer  Separation 
Uncontrolled  Runoff 
Diversion  of  Wastewaters 

BottoiTi  Deposits  

Cost $ 259M 

POWER 

Installed  Capacity  3,  noO  megawatts 

1.  Conventional  Hydro 

2.  Pumped  Storage  Hydro 

3.  Int.  Combustion/ Gas  Turbine 

4.  Nuclear-fueled  Steam 

Cost  (prixMte  sector)  

OUTDOOR  RECREATION 

1,  Expansion  of  Existing  Water  Bodies $ lOM 


2.  Construction  of  New  Vi'ater  Bodies  — 4 1 

Corps'  Reservoirs  $55M 

PL  56f>  Reservoirs  10 

Other  Upstream  28 

Rose  rvoi r s 

3.  National  Recreation  Area  Plan 120 

4.  Wild  and  Scenic  Rivers  •I'' 

5.  Modific.ition  of  three  existing  Corps'  Reservoirs  - S 

Cost - - TTsTm 


PRESERVATION  OF  SITES 

1.  A rclie  ologica  1 

2.  Historic.il 

3.  N.itiir.il  Resource 

Cost  (*  estim.ifi'  not  possible) 


$ SO  M 
210 
40 
400 

$ 700M 
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ANADROMOUS  RESTORATION 


I,  Fish  Ladders  at  Five  Existing  Poucr  Dams $ 1 JM 

d.  Construction  of  New  f’isli  Hatchery  Facilities 7 

J.  Streambank  Acquisition  

4.  Provision  of  Reservoir  Flow  Releases  ----------  •) 

Cost $ 

RESIDENT  FISH  AND  WILDLIFE 

1,  Improved  Access  at  Existing  Water  Bodies  (approx)$  5M 

d.  Provision  of  New  Water  Bodies  17 

Corps'  Reservoirs  $ldM 
PL.  S6b  Reservoirs  d 
Otlier  Upstream  d 5 
Re  se  rvoi r s 

L Expansion  of  Hatchery  Facilities  S 

4.  Extensive  Streambank  Acquisition  Progr.im d 0 

Cost  $ bSM 

WATER  SUPPLY 

1,  NorthfiiTd  Mt,  Div’ersion  $ oOM 

d.  Expansion  of  Municipal  and  Industrial  Svipplies  --  IdS 

5.  Corps'  Reservoirs  

Be.iver  Brook 
Tully 

Honey  Hill 

4.  L'pstream  Ri’servoirs  i 

Cost S d07M 

NAVIGATION 

1.  Long  Island  Sound  to  Hartford,  Connevtiiut  projects  4M 
d.  Hartford  to  Holyoke  Recreation  project  7 

5.  Improvements  in  Main  Stem  Power  L^ools,  eti'.  — I 

Cost S IdM 
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UPSTREAM  WATER  AND  RELATED  LAND  RESOURCE  MANAGE- 
MENT 


1.  Land  Resource  Planning $ 3M 

2.  Land  T reatment  3 3 


Private  Lands  $31  M 
National  Forests  2 

3,  Resource  and  Conservation  Development  Projects- 


4.  National  Forest  Structural  Improvements  -------  15 

5.  Land  Acquisition  for  National  Forests  9 

6.  Loans  and  Grants  for  Rural  Water  Supply  and 

Sewage  Treatment  Systems  ($110M)  

Cost  (not  including  iten;  6 which  is  contained  in  $ 84M 

costs  for  Water  Supply  and  Water  Quality  ele- 
ments) 


FLOOD  CONTROL 


1.  Corps'  Dams  $ 86M 

Victory  $ 2 M Honey  Hill  $ 3 M 

Bethlehem  Junction  5 Meadow  41 

Gaysville  23  Beaver  Brook  1 

Claremont  10  Knightville  1 

2.  Seventeen  Upstream  Watershed  Projects  25 

(78  dams) 

3.  Other  Upstream  Dams  11 

4.  Five  Local  Protection  Projects  51 

5.  Flood  Plain  Regulation  (^estimate  not  possible)  * 

Cost - $ 173M 

Total  Early  Action  Plan  $1,782M 


Paragraph  E of  this  section  discusses  allocation  of  project 
costs  and  Federal  cost  sharing  for  elements  of  the  plan.  Due  to 
the  variety  of  available  water  resource  programs  and  alternatives, 
it  is  not  possible  to  determine  ttie  breakdown  between  public  and 
private  expenditures  or  betv'.een  Federal  and  non-Federal  expendi- 
tures. 
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E.  ALLOCATION  OF  PROJECT  COSTS  AND  FEDERAL  COST  SHARING 


1 . Cost  Allocation 

The  costs  of  major  multiple-purpose  reservoirs  have  been  allocated 
to  applicable  project  purposes  by  means  of  the  "separable  cost-re- 
maining benefits"  method.  This  assures  that  ail  purposes  share  equitably 
in  the  savings  of  multiple-purpose  development  and  that  each  purpose 
produces  benefits  at  least  equivalent  to  the  cost  of  including  that  purpose 
in  the  project.  Upstream  watershed  projects  also  used  this  method,  as 
well  as  the  "alternative  justifiable  e.xpenditure"  and  "use  of  facilities" 
methods.  Cost  .illocation  data  for  major  reservoir  projects  are  shoun 
in  Table  46  while  cost  allocation  of  small  upstream  watershed  projects 
was  shown  in  Tables  38  and  39.  These  data  were  determined  to  indicate 
the  economic  justifications  of  a project  and  the  magnitude  of  the  scale  of 
development.  More  refined  analy.ses  would  be  necessary  during  later 
design  stages. 

Z.  Cost  Sharing 

Costs  of  multiple-purpose  reser\'oirs  were  allocated  to  project 
purposes  to  form  a basis  for  apportionment  of  costs.  Federal  proj- 
ects recjuiring  authorization  reports  would  be  refined  to  reflect  Federal 
and  non- Federal  cost  sharing.  .'Apportionment  of  costs  have  been  based 
on  current  policy  expressed  in  Federal  legislation  and  administrative 
criteria.  A generalized  picture  of  current  cost  sharing  practii  e by 
resource  category  follows; 

Cost  sharing  for  municipal  treatment  plant  facilities  \aries  from 
30  to  83%  for  tlie  Federal  share  and  balance  generally  paid  for  by  the 
combined  State  and  local  community.  Cost  sharing  for  Jlov  augmen- 
tation tor  water  quality  and  oniy  after  adequate  treatment  .ind  in  lieu 
of  advanced  waste  treatment  can  go  as  high  as  1 whi-n  such  storages 
can  be  made  ti.irt  of  a Federal'  reservoir  project,  except  in  cases  wiiere 
beneficiaries  can  be  identified. 

The  Early  .•Action  Hhui  m.ikes  no  r ecomniend.it  ions  for  Federal 
investment  in  p.iwer  lacilities.  Costs  of  pov^er  facilities  would  be 
accomplisher!  through  privati*  iniestment  .ind  reimimr  s.il)!,-  h\-  thi' 
user  under  the  regulator!  authorities  of  tht-  Fcder.il  H 'wer  Com- 
mi  s - ion. 

General  recreatu'ti  is  cost  sh.iring  with  credit  givi'ii  for 

• ertain  items  of  Uu.il  jia  rt  icipat  ion.  In  multipli’-purposc'  reservoirs. 
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the  Fetlcral  Govornmont  v^ill  bo  responsible  for  the  constriu  lion 
costs  of  specific  land  and  basic  facilities  for  recreation  and  fish 
and  wildlife  enhancement.  Basic  facilities  are  defined  as  gener.il 
park-type  day-use  .ind  overnight  camping  facilities  as  opposi'd  to 
such  measures  as  playground  facilities,  lodges,  or  boat  rental 
services.  Development  in  excess  of  basic  facilities  would  be  a 
local  responsibility.  Local  interests  will  be  encouraged  to  assumi’ 

responsibility  for  operation,  maintenance,  and  replacetnent.  Tlu'  i 

Federal  Government  will  also  participate  in  that  portion  of  joint- 

use  reservoir  facilities  which  can  be  allocated  to  recreation  and  ] 

fish  and  wildlife  etdiancement.  When  recreation  is  only  <ui  inci- 
dental part  of  the  project,  that  is,  its  inclusion  involves  no  changes 
in  scale  of  the  reserv'oir,  the  Federal  GoverntTienl  will  assurtu’  the 
cost  for  basic  facilities. 

Under  Federal  <iid  programs  administered  by  the  States  through 
the  Bureau  of  Sport  Fisheries  and  Wildlife,  the  State  may  receive  up 
to  75%  the  cost  of  approved  fish  and  v'.ildlife  development  or  programs. 

Under  the  on-going  anadromous  fisheries  restoration  program, 
cost  sharing  is  assumed  to  be  a total  Federal  responsibility,  with 
required  reservoir  and  hatchery  costs  borne  substantially  by  the 
Federal  Government.  Stream  acquisition  programs  for  recreation 
and  fish  and  wildlife  would  likely  be  accomplished  through  matching 
grant  programs. 

Water  supply  costs  are  currently  entirely  non-Federal  and 
chargeable  to  the  user.  All  costs  allocated  to  the  water  supply 
portion  of  a multiple-purpose  project  must  be  repaid  within  the 
life  of  the  project  and  within  50  years  after  the  water  supply  is 
first  used.  Where  water  supply  is  not  used  immediately,  no  inter- 
est on  the  investment  would  be  charged  up  to  a maximum  period  of  i 

ten  years. 

Under  the  on-going  NEWS  Study  program.  Federal  cost  shar- 
ing will  be  considered  as  part  of  a major  regionalized  system  for 
domestic  and  industrial  water  supply.  Such  cost  sharing  includes 
reservoirs,  treatment,  and  conveyance  facilities.  The  degree  of  cost 
sharing  has  not  been  e stablish-.  lA  at  this  time  and  will  undoubtedly 
vary  on  the  basis  of  development  required  and  the  areas  serviced. 

Navigation  cost  sharing  varies  from  50%  Federal  for  recreational 
boating  impoundments  to  100%  Federal  for  cotnmercial  boating  im- 
provements. The  cost  of  navigation  aids  for  both  types  of  n.ivigation 
facilities  are  borne  totally  by  the  Federal  Government.  The  constriu  - 
tion  costs  of  general  commercial  navigation  features  because  of  the 


r 
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widespread  or  general  nature  of  their  benefits,  are  borne  almost 
entirely  by  the  Federal  Government  and  would  include;  entrance 
channels,  open  anchorages,  and  turning  basins.  Operation  and 
maintenance  would  be  a Federal  responsibility  for  both  types  of 
boating.  State  and  local  interests  are  required  to  provide  lands, 
easements  and  rights-of-way  as  required  for  project  construction 
and  subseauent  maintenance.  They  would  also  be  required  to  pro- 
vide terminal  facilities,  commensurate  depths  for  berthing  areas 
and  relocation  or  alteration  of  existing  utilities.  In  instances  of 
land  enhancement,  local  interests  would  also  be  required  to  bear 
50%  of  the  cost  proportionate  to  benefits  created  by  the  disposal 
of  dredged  spoil. 

Cost  sharing  for  flood  control  projects  varies  depending  upon 
the  type  of  project.  The  cost  of  construction  is  considered  a total 
Federal  responsibility  where  benefits  are  widespread  such  as  in 
regional  reservoir  projects  where  the  cost  of  construction,  oper- 
ation and  maintenance  are  borne  by  the  Federal  Government. 

Local  protection  projects  are  at  Federal  cost,  but  local  interests 
must  provide  lands,  easements,  and  rights-of-way;  hold  and  save 
the  U.  S.  free  from  damages  due  to  construction  works;  as  well  as 
maintain  and  operate  the  completed  works.  Cash  contributions 
may  also  be  required  when  other  benefits  are  provided  such  as 
land  enhancement. 

Costs  for  floodplain  information  studies  an-  entirely  Federal 
when  requested  by  municipalities  and  properly  approved  by  the 
State. 

Under  Fublic  l.aw  566,  the  Soil  Ct>nse  rvation  Service  provides 
technical  assistance  for  flood  control  aspi'cts,  Ca)tist  ruction  costs 
allocated  to  flood  control  are  assumed  totally  bv  the  F»'deral  Govern- 
ment, while  the  Federal  Government  will  share  vq>  to  ,,f  the 

costs  allocated  to  recreation  ami  fish  .md  wibllife.  Water  supply 
and  water  quality  costs  are  a local  responsibilitv.  A more  com- 
plete presentation  of  cost  sharing  for  Depa  rtiiumt  of  Agriculture 
progratTi  potentials  is  contained  iti  Appendix  F. 

The  Federal  Government  will  bear  the  entire  cost  of  land  treat- 
ment iTieasures,  watershed  ;malyses,  fish  ami  v^ildlifl'  surveys  and 
analyses,  and  additional  acquisition  for  National  Forests.  Ti'chnic.tl 
assistance  may  be  provided  ti)  towns  for  resi)urci-  iiiventories,  plan- 
ning and  soil  reports  on  a mati  hing  fund  basis.  The  Federal  Gov<  rn- 
ment  can  provide  technical  assistance  for  Resource,  (amse  r vati on , 
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ami  Development  projects  and  share  in  costs  of  eleme/its  under  its 
normal  authority.  Technical  assistance  can  also  be  provided  for 
land  treatment  measures  on  non-Federal  land. 


The  Bureau  of  Outtloor  Recreation  through  the  Land  and  Water 
Conservation  Fund  grants  aid  to  States  for  planning,  acquisition 
and  development  of  public  outdoor  recreation  areas  and  facilities. 
Grants  may  be  up  to  SO  percent  of  the  cost  of  a project.  Special 
consideration  is  given  to  qualitative  aspects  of  the  natural  environ- 
ment and  to  needs  of  growing  urban  populations, 

A complete  summary  of  all  Federal  cost  shiiring  programs  is 
beyond  the  scope  of  this  appendix  as  there  are  iTiany  Statt'  .and 
Federal  programs  which  can  be  employed  to  implement  the  Early 
Action  Plan,  For  example,  the  Department  of  Housing  and  Urb.in 
Development  provides  grants  up  to  50%  of  land  and  sewer  construc- 
tion costs  for  lateral  sewers,  while  the  Farmers  Hottie 
Administration  can  provide  grants  up  to  50*^  of  t fu  costs  of  waste 
systems  for  rural  communities  under  5,500  population. 

Other  HUD  programs  provide  grants  for  such  items  as  ad- 
vance acquisition  of  land,  historic  preservation,  open  space,  land 
and  community  development,  and  public  facilities.  Federal  sharing 
varies  from  provision  of  interest  costs  for  financing  to  80%  the  cost 
of  planning  and  technical  assistance. 


vm  AL  1 KHNA  1 IVKS 

A.  C'.ENKHAL 

I ho  I t)inp  ro  lu‘ns  ivo  study  imludi'd  an  oxaininatiun  of  many 
clifforoiit  alti'rnativo  solutii-ns  within  oaoli  rosourco  catogory  bi  foro 
tlu'  plan  rooommondi'd  by  tho  Coordinating  Committoo  was  finally 
solootod.  Many  of  tho  I’lonu’nls  in  tho  plan  havo  no  roal  alti  rnalivos 
whioh  woulfi  accomplish  tho  samo  objoclivo.  Othor  olomonts  do  have 
altornativos  which  accomplish  similar  objectives,  although  not  as 
economically,  Tlioso  are  discussed  to  considerable  extent  in  the 
appropriate  appendices  of  this  report,  but  an-  summarized  lor  con- 
venii-nce  in  the  following  sections. 

H.  SPECIFIC  ALI  EHNA  riVES 


1 . W ate  r Quality 

.1.  (iene  ral  - A numbi'r  of  alternati-  methods  m<iy  be  em- 
ployed, either  singly  or  in  i ombinat  ion,  to  meet  the  water  ipiility 
neeils  within  the  basin.  The  basin  is  by d rol og i c a 1 1 y c apable  of  pro 
viding  additional  flow  during  critically  dry  periods  to  improve'  wali-r 
cpiality.  Presently  known  t reatiiu-nt  methods  are  capable  of  providing 
highi-r  than  85  percent  HOD  rc-movals.  Also,  methods  suc  h .is 
limiting  waste  disc  harge,  c'itlu'r  by  recyc  ling  or  using  other  melhods 
of  disposal,  lagooning  of  treated  wastes,  piping  of  treated  eflliieiits 
to  largc-r  streams  and  insiream  .leration  can  further  inc  re.ise  the 
basin's  effective  waste  assimilative  capac  ity.  Non- s t r iic  t u ra  1 mc.isure-^ 
in  the  lorm  of  plant  procc'ss  changes  and  selective'  hind  use  pi. inning 
and  Zoning  can  also  reduce  waste-  loads. 

b Advancc'd  W<iste  rrc-alnu  nl  - Tre.ilment  methods  yield- 
ing higlu'r  remov.ils  of  pollutants  than  is  .iffordi'd  by  sc'cond.iry  Iri.il 
ment  mc'thods  have'  bc'cn  in  de  velopment  st.igi's  during  rece  nt  ye.irs 
and,  theri'feire,  furnish  an  aelelitional  pote  ntial  to  me  e t lutiire-  w.ile  r 
cpiality  eie  inanels. 

rlu'  se  ne  w 1-  r mi' t hoels  , t e'  r me'  el  ,i  dv  a lu  i'  el  w a s 1 1'  t ri'.e  I iin  n I , con 
sist  of  methoils  which  are'  I'lther  technologically  ne'w  or  wlm  h e inploy 
oleie'  r me' tho  els  in  .1  marme  r not  usual  ly  prae  I le  <il.  liu  luileel  in  tin 
sfH'ctrum  ol  <i el v.i nee' el  w.iste  tri'almi  nl  me  thoils  are-  lo.im  se  p.ir.itmn 
ailsorption,  I'li'c  I roili.ilys  is,  ion  ixihangi'  anil  e va  po  r.i  I ion . ,i  s we  II 
as  olele'r  methoils  such  as  c o.igulat  ion,  s e ■ el  i me- nt.i  I i on  anil  liltr.ition. 
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Advancfcl  waste  treattnent  nu'thods  are  capable  of, removing 
a wide  range  of  constituent  pollutants,  including  nutrients,  inorganic- 
salts  and  non- biodegradable  organic  material.  In  addition  to  these 
higher  efficiencii-s  of  removal,  advanced  treatment  methods  have 
an  advantage  in  that  most  of  the  advanced  unit  processes  may  be 
added  to  the  secondary  unit  proc  ess  on  an  "as-nc'cded"  basis. 

I'or  the  immc'diate  future  it  is  probable-  that  advancc“d  treatment 
me  thods  would  be-  applie-el  to  secondary  treate-d  effluents.  Conce-iv- 
ably,  ho\et-ver,  prese-nt  conve-nt  ional  firoce-sse-s  may  b<-  disiilaced 
entire  ly  by  some-  form  of  advanced  tre-atment.  In  this  re-spe-ct,  re- 
seare  h and  de  ve-lojiim-nt  are-  e urrently  in  ])rogre-ss  to  determine  t he 
feasibility  ol  going  from  primary  processes  diree  lly  to  advance-d 
proce-sses  utilizing  phy  s i e a 1 - e he  m i eal  me-tliof!s.  the  re  by  omitting  the 
se-condary  treatment  phase-  and  e-ffe-cting  ove-rall  cost  reductions. 

De-ve-lopments,  largely  supiiorte-d  by  fe-deral  grants,  have-  bee-n 
stimulated  by  re-alistic  e-xpe-rime-nts  which  have  demonst  rate-el  new  and 
iinprove-d  technique-s  of  pollution  control.  De-monst  ra  tions  of  imjiroved 
te-e  hnology  curre-ntly  in  progress  are  aimed  at  determining  from  o].ier- 
at  ional  - scale-  e-xample-s  the-  effecti  ve-ne-ss,  reliability  and  the-  costs  of 
a nunibe-r  of  advance-d  tre-atme-nt  processe-s;  the-y  serve-  as  pr.ietical 
operational-scale  example-s  to  othe-r  users.  As  the  jjroblems  result- 
ing from  pollution  continue-  to  grow  and  the  effe-ct  i ve-ness  of  new 
methods  are  demonstrated,  the-  broad  application  by  munie  ipal  it  ie-s 
and  industrie-s  of  those  methods  which  prove-  succe-ssful  will  bee  emu- 
more-  e eimmon. 

At  present,  the-  cost  of  advanee-d  tre-atme-nt  jiroee-s  se-s  is  relatively 
high  as  eoiiqiare-d  with  the-  eeist  ol  se-e'ondary  tre-atme  nt.  In  gene  ral 
terms,  estmiate-s  intlie  ate-  tliat  the-  e-ost  eif  ad\anee-d  tre  atme  nt  weiulei 
be-  on  the-  orde  r of  twei  tiine-s  the-  cost  of  se-eeindary  Ire-alment  alone, 
l-'ulure  r e-1  ine- me- nt  of  some-  me-thorls  and  tee  hneileigu  al  inneieat  ions  may 
e-fleet  cost  re-duetions. 

Im  e-st  igat  ions  of  substitute  proee-sse-s  and  systems  now  in  pro 
gre-ss  m,iy  re-due  e-  costs.  l-'or  e-xam[>le-.  Ilie-  lieiwdi-re-d  ae  tivate  ei  car- 
bon proee-ss  could  e one  e- 1 v ab]  y replace-  beith  e oagulat  lein  se-dimenta- 
t ion  and  granular  earbon  adseu-ptiein  at  about  half  tin  eeist. 

Othe  r laetors  whieli  may  alfe-et  the  eeist  eit  advailei-d  W.iste  tre-.it 
me-nt  me  hide-  ehange-s  in  future-  te  e linology,  in  plant  ehange  s in  the 
waste-  sourc  e-,  e-itlie-r  through  re-due  tiems  in  eirganie  or  liyelrauln  w.iste-  <>' 
load  anil  possible-  ni  t i ost  re  elui  tions  b\  re-use  ol  portioiis  nt  tin  tre  .eti  el 
waste  lor  ve.ite-r  su]iply. 
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c.  Piping  to  Other  Locations  - The  transportation  of  secondary 
treated  v^.astes  to  portions  of  the  has  in,  with  mori'  ability  to  assimi- 
late the  treated  wastes,  was  consid<T»-d  as  a pot»-ntial  nu  thod  of 
improving  the  cjuality  in  tributary  streams. 

This  alternative  presents  advantagi'S  and  disadvantagi's.  Advan- 
tages are  that  tlu-  wastes  would  be  completely  rimioved  from  thi'  trib- 
uary  stream  and  further,  the  collection  of  wastes  from  a number  of 
sources  could  effect  treatment  plant  savings  through  economu’S  of 
scale.  Disadvantages  include  the  preemption  of  tlu-  use  of  the  removi-d 
wati'r  to  downstream  water  users,  a possible  ''shoc  k''  load  in  tin-  area 
where  the  wastes  are  finally  discharged,  and  cost  allocation  when  one 
piping  system  is  utilized  by  a number  of  waste  producers. 

Analyses  of  the  Connecticut  River  indicate  that  tlu-  discharge  of 
all  tributary  wastes  into  the  rnainstem  after  si-condary  treatment 
would  not  significantly  change  conditions  which  otherwise  exist. 

d.  Low  Flow  Augmentation  - the  provision  of  additional 
river  flow  furnishes  one  potential  by  which  projected  water  quality 
conditions  may  be  improved.  It  was  not,  however,  considered  a sub- 
stitute for  treatment  of  all  wastes  to  at  least  the  secondary  levi-1  before 
discharge  to  the  river.  Additional  river  flows  can  be  made  available 
through  the  re- ri-gulation  of  existing  structurc-s  or  by  the  provision 

of  additional  storage  at  existing  or  potential  reservoir  sites. 

Augmentation  during  periods  of  natural  low  stream  flow  to  main- 
tain dissolved  oxygen  levels  provides  additional  advantages.  Among 
these-  advantages  are;  1)  additional  dilution  of  non-degradabli-  or  noxious 
wastes,  and  nutrii-nts;  2)  increased  rivc-r  stages  which  may  be  di-sirable 
for  improved  ac-sthetic  and  recreational  pursuits;  3)  higher  stream 
velocities  which  may  inhibit  detrimental  aquatic  growth;  4)  and  im- 
proved flow  regime,  at  all  downstream  locations,  which  could  more- 
readily  assimilate  tri-ated  wastes  rc-gardless  of  unfori-si-en  loading  con- 
ditions and  patterns;  and  5)  dilution  of  wastes  i-manating  f rom  diffused 
sources  that  are  not  capable  of  collection  and  treatm<-nt. 

e.  Waste  Storage  - The  temporary  storage  of  sei'ondary 
treated  wastes  during  periods  of  low  river  flow  was  lonsidered  ,is  a 
poti-ntial  method  of  wati-r  cjualily  control.  Seasonal  storage  of  wasli 
can  be,  accomplished  by  strvutures  such  as  e.xcavations , dike  emb.ink 
ments,  p«-rmanent  storage  tanks  or  the  newly  di-veloped  inflatable 
devices. 
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Thi'  seasonal  storage  of  treati-cl  wastes  involves  intangible  dis- 
advantages and  advantages.  Among  the  disadvantages  are  the  possi- 
ble removal  of  land  from  tax  rolls,  added  water  supply  costs  which 
may  be  incurred  by  preemptying  the  use  of  water  to  downstrean^  users 
and  the  jjossiblc-  ac-sthetu  or  social  stigma  which  may  be  associated 
with  the-  presence  of  a holding  lagoon. 

Among  the  advantages  is  the  probability  of  a cc^rtain  amount  of 
additional  treatment  which  would  result  during  the  holding  period. 
Further,  the  construction  of  holding  basins  would  have  a tendency  to 
encourage  in-plant  changes  which  would  minimize  the  amount  of 
wastewatc'r  and,  in  turn,  the  water  supjsly  recjuirements.  Holding 
lagoons,  and  the  gradual  ([uality  improvc-ment  of  the  stored  water, 
could  become'  an  intc'gral  part  of  water  rc-use  systenis  by  cc-rtain  of 
the  basin's  Industrie's. 

f.  Ae  ration  - Additional  oxygen  may  be'  introducc'd  to  a 
strc'am  by  the'  installation  of  floating  ac'rators,  diffusc'd  air  devices 
or  post  aeration  of  waste'  effluent. 

A [ipl icat ions  of  these  device's  to  improve'  strc'am  quality  have  been 
limited  and  generally  confint'd  to  situations  wlu're  anaerobic  condi- 
tions would  otht'rwise  c'xist. 

The'  quantity  of  air  which  e:an  be'  transferred  to  the'  water  is  af- 
fc'c  tc'd  by  many  variable's  including  : 1)  the  c'fficic'ncy  of  the  device 
to  transfer  oxygc'n;  2)  ti'inperature'  of  the  wate'r;  3)  dissolved  oxygc'n 
de'ficit  of  the'  stre'am;  4)  waste-  constituents  in  the-  water;  and  5)  the 
de  sire'd  dissolve'd  oxygen  leve-l  the'  de-vice-s  are-  re'cpiired  to  jirovide'. 
he-se-arch  is  in  preigress  to  bette-r  define'  tlu'se-  variable's  anrl  the' 
e ffe'c  tivt'ne'ss  of  ae-rating  de-vice's. 

Fimited  studie-s  have-  be-en  jie- rfeirnie-d  to  date'  which  re-fle-ct  the- 
rc'lat  ionship  be-tween  the'se-  many  variable's  anei  more  importantly, 
from  a planning  vie-wpoint,  the'  e-conomics  of  this  alternative'.  In 
August,  1969,  Ilutge-rs  Unive-rsity  ceimple-te'd  a de- monst  rat  ion  proje-ct 
siqiporte'd  by  the-  Fe'de  ral  Wate'r  Quality  Administration  and  the'  State- 
of  New  Je-rse-y.  The-  re-sults  of  this  project,  eeindue  te-d  at  a F.tssaie 
Hive-r  site,  e eine  luele-d  that  indue  e el  ae-ratieni  was  a prac  tical  method 
of  ine  re-asing  dissolved  oxyge-n  le-ve-ls  in  a stre-am.  A eeunparison  of 
the-  alte' mat  i ve-s  and  ae-ration  indie  ateel  that  the-  e eist  of  aeratiein  was 
approximate  ly  2^  pe-rce-nt  eif  tlie-  e eist  eif  advane  e-d  tre  atme  nt. 

Alfheiugh  the'  ceist  eif  preivieiing  ae  ration  appe-ars  to  eitfe  r an  e-cono- 
mie  aelvantage'  tei  othe-r  a 1 1 e r n.it  e- s , aeratiein  doe-s  not  provide-  end 
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results  completely  comparable  with  other  alternates  such  as  treat- 
ivvent  or  low  flow  augmentation.  For  instance,  aeration  does  not 
affect  the  concentration  of  degradable  and  non- de gradable  pollutants 
in  the  stream.  It  treats  the  symptom  ratlier  than  the  disi'ase. 

Another  advantage,  in  addition  to  cost,  to  instream  aeration  is 
the  relative  ease  of  installation  and  portability  of  tlie  units.  Ac'rators 
therefore  can  be  used  on  a temporary  basis  to  alleviati-  i ritit  al 
problem  areas  while  permanent  correctivi'  measures  are  bi-ing  under- 
taken. 

Stream  aeration  may  have  associated  costs  wliii  h are  intangible. 
The  National  Recreation  Study  by  the  Bureau  of  Outdoor  Hec  nation, 
for  instance,  has  recommended  that  a jiortion  of  tfie  Upper  Conneili- 
cut  River  be  designated  as  a Scenic  River  Unit.  The  pn  seiu  e of 
aerating  devices  in  such  an  ari'a  could  creati'  an  advi  rsi'  aestlu  tit 
i'  ffect. 

Thi'  location  of  aerating  units,  in  areas  wlu're  near  constant  sur- 
veillance is  impracticable,  (.-ould  pri'Seiit  a safety  ha/.ard  to  incpiiring 
youngste  rs. 

Aeration,  in  comparison  with  treatment  at  the  sourie,  would 
pn-si’nt  administrative'  probli’iiis.  Tfu'  (ucurremi-  of  a water  ipiality 
problem  often  in  curs  many  mill's  downstri  am  of  tlie  infrodiution  of 
waste,  at  a critical  point  in  the  stream,  and  could  be  the  net  result  of 
wastes  from  a number  of  sources.  Also,  it  aerators  are  used  on  a 
temporary  basis  in  lieu  of  ri'ijuired  mi'asures,  administrative  control 
IS  lU'it'SSary  to  insure  their  use  will  not  work  to  ilelay  tlie  jn-rmanent 
installations.  Provisions  for  aeration,  theretore,  i ould  retpiire  tlie 
de vi  lojimi'iit  of  inti'r-munii  ipal  agrei'iiients  for  the  i noperative  reso- 
lution of  cost  ajiport  ionmeiit , or  ni'w  St.ite,  Interstate  or  federal 
authorities  for  jia  rt  ii  ipat  ion  and  assistanie. 

g.  Other  Alfernatives  - Although  not  strmtural  in  nature, 
.uiditional  alternatives  exist  to  aid  in  providing  adeipi.ile  w.iter  ipialits. 
Basiially,  svuh  all  i' mat  i ves  involvi'  m.inagemeni  and  ope  rat  lona  1 
modifiiations  of  those  factors  affeiling  w.iter  (pi.ilily.  Incentives 
.111(1  regul.it  ions,  for  inslam  e,  can  encourage  redesign  ol  present 
plant  proii'sses,  reiovery  proi  esses,  p re  t re.i  I me  nt  measures  .ind  kind 
land  usi'  practii  es  that  subsl.int  i.illy  rediii  e the  volume  .mil  the  elleil 
ol  disiharged  wastes.  Further,  /.onmg  mi.isures  lould  ellei  lively 
ch.uinel  future  industrial  .ictivily  to  .ire. is  ol  the  B.isiii  which  lould 
more  ri'adily  assimil.ile  Ire.iled  w.isti  s.  Allied  to  tin  siiliiei  l <d 
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zoning  is  the  alternative  of  imposing  restrictions  on  the  quantity 
of  wastes  discharged  through  curtailment  or  modifications  in  produc- 
tion. Lastly,  social  and  economic  pressures  can  precipitate  research 
leading  to  technological  breakthroughs  in  either  the  manner  in  which 
our  wastes  are  ultimately  dispossed  of  or  in  the  factors  affecting  the 
Cjuantity  of  wastes  produced. 

h.  Sunimary  of  Alti*rnatives  - In  considering  alti' rnati  ves 
recognition  must  be  made  that  no  two  are  truly  alike  since  thi'y  each 
produce  a different  net  effect  on  tht'  water  resources  and  may  influence 
options  that  will  be  available  for  future  development  and  use.  Kach 
alternate,  thus,  has  a series  of  environmental,  economic  and  social 
advantages  or  disadvantages  which  sould  be  considered. 

Assuming  unchanged  hydrological  conditions,  tliere  is  a siTies 
of  alternatives  which  are  prai  ticable  from  an  engim-ering  viewpoint. 
For  comparative  purposes,  the  costs  and  some  of  the  more  appari'nt 
advantages  and  disadvantages  associated  with  the  alternatives  con- 
sidi-rt'd  are  summarized  in  Appendi.x  D. 

2.  Power  A Itc- rnati  ves 

Alternate  structural  sources  of  power  are  discussed  in  Appendix  I, 
and  may  be  considered  in  five  general  Ciitegories; 

1.  Conventional  hydroelectric 

2.  Fumped-Storage  hydro 

5.  Internal  Combustion/Gas  turbine 

4.  Fossil-fueled  steam 

5.  Nuclea  r-fueli-d  steam 

It  would  not  be  practical  or  feasible  to  meet  all  Basin  power 
needs  with  any  one  of  the  five  means  as  some  are  designed  for  peak- 
ing needs  and  others  for  base  load  needs.  Base  load  requirements 
in  the  Basin  are  met  mostly  by  steam  plants  with  some  conventional 
hydro.  Peak  loads  are  presently  met  mostly  by  conventional  hydro 
plus  some  gas  turbine  units.  In  the  future  large  nuclear  plants  are 
expected  to  become  more  economical  than  fossil  plants.  For  peak 
load  service  pumped  storage  hydro  is  expected  to  replace  the  pre- 
sent minimal  supply  of  conventional  hydro. 

In  the  comprehensive  study  an  analysis  was  made  of  potential 
conventional  hydro  and  pumpi'd- storage  sites  to  assure  that  the  water 
resource's  of  the  Basin  were  being  rU’veloped  in  an  optimum  manner. 
About  200  potential  sites  were  examined,  of  which  HO  were  analyzed 
in  de-tail.  I hri  e-  preije  e ts  indie  ate-el  larginal  economic  justification 
for  Federal  ce>nstructie)n,  that  is,  the  benefits  exce-e'cte’d  the  e eist. 
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llowt'vtT,  in  fai'h  l asf,  tliort-  witi'  a niiinbcr  ol  inoi'f  t cononiu  al 
pc.iking  altf  mat  I VIS  available  v\itlun  the  1980  planning  program  of 
tlu'  private  sector.  Houevi  r,  these  three  ])rojeets  Surry  Mountain, 
pumpt'd- storagi'  complex  (450  MW);  W ill  iams\ille  Station  (110  MW); 
and  State  l.,ine(110  MW')  have  beiui  identified  for  possible  futviri-  (.on- 
sideration.  They  are  disi  iisst’d.  together  uith  other  j)otential  futur»' 
projei.  ts,  in  Appendix  I. 

In  addition  to  the  fiv<-  structural  mi'thods,  thre<'  other  a It  e mat  i v fS 
were  considerc-d  to  balance  load  and  supply.  They  are;(l)  Curtail- 
ment of  power  demand;  (2)  Technological  innovation;  and  (3)  Import- 
ing of  power. 

Curtailnu’nt  was  rejt'ited  as  an  alternalici  because  it  runs  con- 
trary to  the-  basic  study  assumi^tions  - that  a\ailable  resources  will 
be  used  to  meet  the  needs  of  the  people-  in  an  optimum  manner.  l'oi)U- 
lation  curtailment  may  reduce  or  stabilize  long-term  growth  of  power 
demands,  but  vcould  not  have-  any  signific;uit  effc-c  t on  short-term  IbSO 
needs. 

Tc-chnological  breakthrough  is  a definite  consideration  and  new 
mc-thods  such  as  chemical  fuc'l- cells  and  fast  brec-der  reac  tors  show 
j)romise,  but  are  not  sufficiently  advanced  to  affect  1980  power 
supplic-s. 

It  w'ould  be-  fc-asible  but  more-  expensive  to  import  jniwer  from 
cnitside  areas.  Although  a limited  portion  ol  power  needs  during  t he 
study  period  will  be-  met  by  importing  power,  it  was  considered  de- 
sirable to  gc-nc-ratc-  power  locally.  It  should  b<  notc-d  that  in  basin 
dc- vc-lopment  has  a benc-fu  ial  c-ffc-c  t on  the  e conomy  of  c om mun it  ic- s. 

It  ])rovidc-s  lax  rc-vc-nuc-s  and  also  adds  employment  opjiortunit  ii-s  on 
a comparativc-ly  we  ll-paying  scale-. 

3.  Outdoor  bee  reation  A 1 1 1- mat  i ve  s 

Water  oriented  outdoor  recreation  needs  can  be  mot  at  lakes, 
ponds  <ind  reservoirs  and  along  streams  and  rivers.  Land  oriented 
outdoor  recreation  needs  within  tlie  scope  of  this  study  can  be  satis- 
fic-d  by  means  such  as  acquisition  of  forests,  provision  of  opc-n-spacc- 
atid  prescrviition  of  scenic  corridors  along  streams.  One'  other  pos- 
sibility could  be  the  curtailment  of  participation  in  recreation  pur- 
suits. This  latter  was  not  considc-red  as  in  consonance'  with  flu' 
basic  gotil  of  the  study  --  to  formulate-  ,i  plan  to  meet  Basin  Needs. 
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As  noted  in  Section  V,  tlie  study  took  into  account  the  soi  lo- 
economic  and  environmental  i liaracteristics  ot  the  llasin  in  develop- 
ing estimates  of  recreation  needs.  These  estimates  were  used  as 
guidelines  in  developing  the  recreation  plan  for  the  Basin.  Kfiorts 
were  made  to  satisfy  these  estimates  wliile  still  maint. lining  the 
quality  of  the  environment. 

Tliroughout  the  basin,  public  access  to  water  courses  is  low. 
Implementation  of  the  Connecticut  River  National  Recreation  .Area 
Study  recommendations  can  make  significant  impact  on  the  problem 
of  the  lack  of  public  access.  The  present  outdoor  recreation  supply 
in  the  basin  will  not  accommodate  estimated  future  demand.  Many 
alternatives  exist  which  individually  offered  problems  of  recreation 
opportunity.  However,  only  through  planned  and  coordinated  efforts 
can  an  optimum  recreation  program  for  the  basin  bo  jirepa  red,  blending 
together  practicable  alternatives. 

In  the  selection  of  new  water  bodies,  all  e.xisting  water-oriented 
facilities  were  evaluated  to  determine  their  present  and  potentially 
developable  capability  to  meet  recreation  needs.  Afterwards  an  evalu- 
ation was  made  of  all  potential  sites  under  consideration  for  nev, 
reservoir  construction.  Results  of  tliis  evaluation  were  integrated 
with  values  for  other  resource  uses,  in  formulating  the  scale  of  de- 
velopment of  multiple-purpose  reservoirs.  Particularly  in  the 
northern  portion  of  the  Basin,  reservoirs  were  not  located  initially 
to  satisfy  a recreation  need;  however,  after  selection  of  a site  because 
of  other  considerations,  the  site  was  examined  to  optimize  available 
resources. 

In  the  lower  portion  of  the  Basin  the  developed  urban  areas 
characteristically  establish  the  tempo  of  land-use  and  change.  Open 
space  around  such  cities  as  Springfield,  Massachusetts  and  Hartford, 
Connecticut  is  now  at  a premium  and  out  of  reach  for  certain  low 
income  centercity  inhabitants.  While  this  study  did  not  attempt  to 
define,  analyze  or  recommend  courses  of  action  for  urban  recreation 
problems,  it  could  not  pass  without  recognizing  them.  Water  resources 
with  recreation  potential  in  or  near  urban  centers  are  analyzed  and 
appropriate  recommendations  are  made  to  provide  additional  recrea- 
tion opportunities  for  the  urban  population  of  the  Basin. 

One  major  considered  alternative  which  was  not  recommended  for 
1980  action  is  full  use  of  water  supply  reservoirs.  The  committee 
does  recognize  the  impact  that  such  use  would  have  in  meeting  recrea- 
tion needs,  as  noted  in  Table  21,  and  has  recommended  that  studies  be 
initiated  to  determine  the  ramifications  of  contact-use  of  water  supply 
reservoirs. 
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4.  Fresfrvation  of  Sites 

The  report  identified  some  850  sites  which  were  consi<ieri*d  of 
unique  or  sijjnificant  archeological,  historical,  or  natural  ri'soune 
nature.  To  the  extent  that  each  site  is  unicpie  in  character,  it  has  no 
alternative.  The  report  reiommends  that,  if  possible,  these  sites  not 
be  disturbed  by  future  ilevelopment  in  the  basin.  Accordingly,  all  future 
planning  should  consider  this  fact,  whenever  there  is  a possibility  of 
disturbance  . 

5.  Fish  and  Wildlife  Alternatives 

Alternatives  with  respect  to  meeting  future  demands  related  to 
fish  and  wildlife  resources  - demands  for  recreational  opportunity, 
food  supplies,  or  industrial  products  - may  first  be  classifieti  in  terms 
of  general  approaches  to  the  problems  of  insufficient  supply  as  follows; 

a.  Intensification  of  habitat  management. 

b.  Fxpansion  of  fish  and  wildlife  husbandry  programs 
and  fac  ilities  . 

c.  Construction  of  facilities  to  create  additional  lake 
or  stream  habitat. 

d.  Control  of  water  quality  to  restore  or  improve 
productivity  of  existing  habitat. 

e.  Provisions  for  public  access  to  develop  full  use  of 
existing  and  newly  created  resources. 

For  each  of  the  above,  there  are  again  several  alternatives,  either 
as  to  the  means  or  measures  to  be  used  or  the  particular  procedure 
selected  to  .achieve  a certain  goal.  The  on-going  programs  of  the  States 
and  the  Federal  governments  will  apply  each  of  these  in  varying  degrees 
with  the  passage  of  time.  The  effect  of  these  on-going  programs  in  in- 
creasing capability  for  meeting  future  demands  was  taken  into  account 
in  determining  the  needs,  that  is,  thi’  uns.atisfied  demands,  anticipati-d 
by  the  year  1980  and  in  subsequent  years. 

Insof.ar  ;is  formul.ition  of  a plan  for  im-eting  these  needs  is  con- 
cerned, alternatives  exist  [irimarily  in  choice  of  facilities  to  create 
additional  lake  or  stream  habitat  or  to  improve  existing  habitat  through 
impounding  waters  and  scheduling  releases  of  w.iter  in  stor.ige. 


K - ZZ9 


:^eduction  in  magnitude  and  duration  of  floods  through  reservoir  con- 
struction can  also  contribute  to  improved  resources  and  opportunities 
for  recreational  use. 

The  alternatives  open  to  fish  and  wildlife  preservation  and  devel- 
opment were  considered  early  in  the  plan  formulation  process,  when 
over  400  reservoir  sites  on  which  data  were  available  from  the  Corps 
of  Engineers  and  the  Department  of  Agriculture  were  appraised  by 
Fish  and  Wildlife  interests  in  selecting  the  85  sites  used  in  formula- 
ting the  fish  and  wildlife  plan.  The  elements  of  that  plan  were  in- 
corporated essentially  in  their  entirety  into  the  Basin  Plan  as  finally 
adopted  by  the  Coordinating  t^ommittee. 

There  are,  of  course,  many  additional  facilities  making  up  the 
Basin  Plan,  209  reservoirs,  for  example,  as  compared  to  the  85 
sites  comprising  the  storage  and  control  aspects  of  the  fish  and  wild- 
life plan.  Any  benefits  arising  from  the  fish  and  wildlife  aspects  of 
the  additional  124  facilities  are  largely  offset  by  losses  of  habitat 
and  use  which  would  accompany  their  construction.  This  is  evident 
from  the  fact  that  the  fish  and  wildlife  j)lan  with  its  85  sites  would 
meet  84.2  percent  of  anticipated  1980  needs;  the  209  facilities  in 
the  Basin  Plan  (which  includes  practically  all  of  the  above  men- 
tioned 85)  will  meet  84.8  percent  of  those  needs. 

The  only  other  alternatives  which  might  warrant  further  consid- 
eration, therefore,  would  be  possible  substitution  of  some  of  the 
faciT.ties  not  among  the  additional  124  selected  for  meeting  needs 
oth*  I'  than  those  related  to  fish  and  wildlife  for  those  that  were 
selec*ed,  in  an  effort  to  accomplish  these  other  ob|ectives  with 
greater  development  and  less  loss  to  fish  and  wildlife  resources 
and  their  uses. 

(>  . W ate  r Supply  Alte  r nat  ives 

rlu-  study  found  that  there-  are  abunelant  wate  r resoure  e s, 
beith  greninel  anel  surface-,  tt)  me-e-t  all  leire-se-e-able-  basin  ne-e-eis.  Ihe-re- 
are-  are-as  eif  sheirtage  which  ceiuld  be-  satisfie-el  by  ne-w  eie-ve-leipme-nl  e>r 
inter-basin  diversions  During  the-  ceiurse-  of  the-  e eimpre-he-ns  i ve-  stuely 
e einsieie-ration  was  give-n  to  a numbe  r of  different  me-thoels  of  satistymg 
wate  r supply  elemanel  . I he-se-  me  luele-; 

1 (.  u rt  a ilme-nt  eif  de-mand  through  prie  ing  or  eithe-r 

rest  r ie  t ions  . 


K 2 10 


I )t's.i  1 mi /.a  t ion  and  oUu-r  ti'ohnologiial  lircaklhron^lis  . 

i.  Now  [jroci'sses  siuh  as  rfiyilinj>  or  t loscd  systems. 

4.  Weather  modifieation . 

5.  ( 'i  roundwa  1 1' r - subsurface  supplies. 

f)  . Reservoirs  - surface  supplies. 

7.  Divi-rsion  from  other  sources. 

Consideration  of  I’aih  difft'ri’nt  method  varied  in  dejith  clependmg 
upon  its  applicability  to  thi'  Connectiiut  liasin  Study.  t.,ont  rol  1 mg 
demand  through  pricing  or  other  restrictions  was  i-ons  id»- red  and  may 
be  feasibU'  in  mei-tmg  demands  beyond  1‘180.  Howi-vi-r,  an  I’ducalion 
program  would  first  be  neimssary  to  teach  thi-  publii  and  industry 
how  to  conserve  water.  Currently,  water  supply  costs  ari  relalively 
low  when  compared  with  othi'r  needs  of  industry  or  the  pul  lu  . Sub- 
stantial increases  would  b»‘  necessary  before  any  apprei  iable  demand 
rediu'tions  could  be  expei  ted.  k urlher,  thi-re  are  social  problems 
that  can  be  created  by  a pricing  polity,  as  it  would  hit  hardest  those 
segments  of  the  publu  which  can  least  afford  to  pay. 

Consideration  was  also  given  to  the  role  of  desalination,  w.iste- 
water  recyi  ling  and  weather  modification.  The  appliiation  of  desal- 
ination processes  are  continuing  to  ini  rease  in  this  i ouni  ry  and  .ibroad. 
At  present,  however,  the  principal  uses  of  these  teihniques  are  in  » 
those  areas  where  natural  fresh  water  resounes  are  either  sc.irce  ol* 
of  poor  quality.  In  general,  the  costs  of  these  operational  plants  e.x- 
ceed  the  development  of  natural  fresh  water  systems  and  in  .iddition, 
thi'se  plants  result  in  by-products  which  may  be  harmful  to  the  environ- 
ment. The  ri'fori- , bei  ause  of  tlu'se  considerations  and  the  nature  and 
loiation  of  the  various  loialj  [iroblem  anuis  within  the  basin,  desalin.i 
tion  was  not  utili/.eti  in  the  early  action  program  (1980).  As  teehni 
ipies  are  improved  and  potential  environmental  problems  more  fully 
understood,  use  of  desalination  in  the  Conneitiiut  Kivi  r Itasin  may 
provide  an  answer  to  the  long  range  water  needs  in  the  b.ism. 

A second  proci'ss  currently  undergoing  much  rese.inh  is  w.isli' 
water  reclamation.  A[)plication  of  rei  laimeil  munu  ipal  etiluent  lor 
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industrial  purposes,  salt  water  barrier  use  and  recreational  use 
has  been  tried  with  apparent  success  in  many_  sections  ol  the  country. 
However,  although  the  efforts  rendered  thus  far  indicate  some  success, 
the  use  of  reclaimed  waste  water  except  in  Chamute,  Kansas,  as  a 
municipal  supply  is  unlisted.  The  current  United  States  Public 
Health  Service  Drinking  Water  Standards  do  not  apply  to  direct  reuse 
of  reclaimed  water  for  drinking.  This  consideration  in  this  study 
of  wastewater  re-use  as  an  alternative  method  ol  satisfying  water 
supply  needs  was  limited  by  the  existing  state  - of -the  - art  and  the 
unknown  aspects  of  this  technique  from  a health  aspec  t. 

Use  of  weather  modification  was  also  considered  in  tins  study. 
Although  some  progress  has  been  made  within  rc-cent  years  in  gam- 
ing scientific  knowledge  and  in  developing  engineering  skills  for  the 
application  of  cloud  seeding,  many  questions  remain  unanswered.  In 
particular,  an  understanding  of  the  cloud  process  in  order  to  deter- 
mine seedability  and  proper  seeding  treatment  is  largely  cmknown  at 
this  time.  The  complexity  of  the  problem  indicates  many  years  of 
research  before  the  identification  ol  seedable  clouds,  treatment  re- 
quired and  direction  of  the  precipitation  patterns  will  be  understood. 

In  addition,  the  effects  of  any  modification  on  the  environment  must 
be  investigated. 

Based  on  the  present  state-of-the-art,  therefore,  any  considera- 
tion for  the  modified  use  of  the  atmospheric  water  rc’source  to  aid  in 
meeting  the  projected  water  requirements  in  the-  study  area  is  prema- 
ture. If,  in  the  future,  progress  of  this  technique  is  made*  more 
rapidly  than  presently  anticipated,  the  results  of  weather  modifica- 
tion could  bc'  adapted  for  use  by  all  plans  described  in  tins  report. 

Primary  consideration,  the  refore,  in  this  study  was  given  to 
mc-eting  water  supply  demands  through  surface  water  supplies  or 
tlirougli  groundwater  supplies.  Analyses  wi  re  m.icii  of  tlie  natural 
yield  of  basin  streams  to  determine  their  c apability  to  inei  t proje-c  ted 
water  supply  dcmiands.  These  are  presented  in  the  ri  port  in  Appendix 
D,  and  the  groundwater  atlas  is  presemted  in  Appe  ndix  K which  indicates 
the  yic'ld  of  available-  sourcc-s  of  supply.  It  is  clilficult  to  make-  a 
general  comparison  betwe-en  the-  two  sourcc-s  for  a region  as  large-  as 
the-  Connc-c  ticut  Hiver  Basin  bc-cause  for  most  c ominunit  ns,  thc- 
c hole  e between  c-ithe-r  surface-  water  supply  or  g rounelw  at  e- r supply 
is  an  obvious  one-  base-d  on  availability  anel  e c onomic  s. 

Ciene  rally,  howeve-r,  groundwater  supplie  s are  ulilize-ei  by  single- 
ceniimunity  eir  small  re-giemal  wate  r systems  while  the-  larger  n giem.cl 
systems  such  as  the-  Springlielel  or  Hartford  me  t ropol  it.eii  elistriel 
commission  rely  upon  surface-  wate  r soure  e s. 
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As  iioti-d  pri'\iuvisly  in  this  ap])i  n<ii.x,  tiu  slutiy  did  not  attfinjit 
to  plan  watiT  supply  soun  i's  for  individu.il  i oinniunit  ivs  in  tlu-  basin. 

It  did  in.ikf  an  il’tort  to  ditv  riiiini'  if  tlurt  win  arias  of  ripion.il 
nil'll  for  till-  1980  jiiriod  uliiih  \ii'ri'  hiyond  tlu  i ap.i  bil  1 1 iis  </f  indi- 
\ idual  i Dinmunitii'S.  In  si  vrral  instaiui  s.  bo\i.i\ir,  local  watir 
siipjjly  ni'i'ds  viori-  idi-ntifii  d wbiib  bad  a possibility  of  bi  inp  nu  t 
tbroupb  ini'orijorat  ion  into  a niiilt  i pli- - pu  i|)os  i ri  sirvinr  do  \ i lopn  .i-nt. 
In  oai  b cast’  an  analysis  v.as  niadi'  to  di  ti  rniini  li  tlu  ro  v.  i ro  a 
moro  oconomical  nutbod  of  mootinp  tlu  domand.  Ibis  involvod  osti- 
inatos  of  prouncKv  at  o r .ind  s inplo  - pu  rposo  rost  rvoir  do  \ i lopnunt. 

.Among  till  major  rosi'rvoirs,  Hoa\or  Brook  on  tlu  Asbiu  lot 
Hi\i  r would  b.i\o  .stor.ipo  iiuliidod.is  iommuiiit\  w.iti  r supply  for 
till  iity  ol  Koom  , Now  1 1.imps  bi  n . lloiu)  llill  would  b..i\i  stor.ipi 
im  liidod  to  moot  downsfriam  industri.il  w.iti  r supply  m od  as  wi  11 
;is  till'  ni'od  oxi'rti'd  by  a ijotontial  salmon  lisb  batilu  ry,  Siiml.irly, 

1 bo  Blaokli'dgi'  siti'  on  tlu  Salmon  Hivor  in  t'oniuituut  irukuU'd 
storage  .as  a surfaci'  water  source  lor  a potinti.il  salmon  batilu  ry. 
rile  existing  Tully  flood  lontrol  dam  .ilso  iiu  hides  storage  lor  a pos- 
sible flood  skimming  divi  rsion  into  tlu  Quabbin  system. 

A number  of  tlu  ui>stroam  watorslu  d strui  turi  s also  bave  a poten- 
tial lor  mi  l ting  water  sup|>ly  ni  eds.  1-lxamplos  are,  tlu  V'li]u  r 
Ammonoosuc  watirshi  d project  wbieli  i ould  meet  the  ni  i ds  of  Ciroce- 
ton,  Now  1 1.1  m])s  b i ri'  and  tlu-  Ouaboag  w.itoisb'  d projiit  wbiib  i ould 
provide  wati'r  for  hiiiistor,  Ma  s sai  bus  o tts. 

In  addition  to  tlu-  proji  cts  pn  viiuisly  di  : i rilu  d wbii  b would  moot 
in  b.isin  needs,  tlu  basin  will  probably  .ilso  lu  c.illod  upon  to  moot 
projoited  demands  in  tlu  Metropolitan  Boston  aria.  In  a roi  out 
parallel  study  by  the  Corps  of  Kng  iiuo  r s , n.iitu  1\,  tlu  Nortboast 
Umti  d .States  Water  Su|)ply  Study,  a numlii  r ol  motbods  for  mooting 
iiu  rt.isod  diinands  upon  tlu-  Mi  t nuio  1 it  an  Boston  ri  gum  wi  n ineosti- 
g.itid.  Tbo  results  of  this  study  indii.itidtb.it  fiirtlur  do\i  lopnunt 
ol  t 111  ( 'oniii  I 1 1 0 ut  B I VO  r Ba  s i n via  I loud  s k i m o ■ ng  pr  c s i nt  o d an 

,it  t r.i  1 1 1 vo  .1 1 1 o mat  1 \ o to  ot  bo  r nu  t bods  i on  s i lii  i i d p.i  i t i i iil.i  r ly  lo  r 
tbo  sluirt  range  lu  < ds. 

I 111  I om|)ri  lu  ns  i \ I study  i ons  i di  rod  only  1 lood  skimming  1 1 i b- 
im|Ui  s in  meeting  demands  exerted  on  tlu  b.isin  by  .in. is  outsidi' 
tlu  b.i  s I n.  Tilts  1 1 I bn  ii|ui  \\  ou  I d skim  I li  od  w .i  1 1 r s I i om  a r i \ i r du  r - 
mg  tbo  1 1 nod  In  s I i 1 pu  nod  in  tlu  spring  .i  nd  d ; \ i r t it  into  a w.itor 
s tippl  y s y St  I m.  T lu  w .i  1 1 r di  \ i i 1 1 d w ou  I d lu  .i  s ma  1 1 iu  i u i nt.i  gi  ol 
tlu  total  I low  ,1  ml  is  w .it  o r that  w i uld  lu  1 1 ma  1 1 y lu  i .i  i i u d dow  ns  I i i ,i  m 
.1  nd  m I list  d by  ol  lu  i dow  ns  t ri  .iir  n s i di  nt  s. 


Early  in  the  study  consideration  was  given  to  increasing  stream 
flows  tliroughout  the  basin  during  low  flow  periods  by  augmentation 
from  new  reservoir  construction,  the  concept  being  that  water  re- 
leased from  upstream  reservoirs  vould  serve  many  in-stream  pur- 
poses and  could  perhaps  provide  water  supply  from  several  commun- 
ities enroute  to  Long  Island  Sound,  Direct  stream  diversion  from 
the  main  stem  is  a strong  possibility  for  periods  beyond  1980,  but 
not  before  that  time.  Water  quality  standards  should  first  be  met 
and  then  sufficient  time  provided  for  adequate  water  quality  monitor- 
ing before  communities  utilize  this  source. 

The  possibility  of  in-basin  div’ersions  was  also  considered. 
Appendix  D of  this  report  indicates  two  areas  outside  the  basin, 
Jaffrey,  New  Hampshire  and  Guilford,  Connecticut,  uhich  are  cur- 
rently utilized  to  supply  water  to  the  Connecticut  River  Basin.  For 
the  most  part,  however,  these  into-basin  diversions  are  cotnpara- 
tively  minor  and  it  is  not  expected  that  they  will  have  a significant 
effect  in  meeting  future  basin  requirements. 

7.  Navigation  Alternatives 

The  Early  Action  Plan  contains  two  primary  recommenda- 
tions regarding  navigation.  They  are: 

a.  The  commercial  navigation  project  from  Long  Island 
Sound  to  Hartford,  and 

b.  The  recreational  boating  project  from  Hartford  to 
Holyoke. 

The  commercial  navigation  project  was  the  result  of  consider- 
ing a number  of  alternatives  which  included  delivery  of  petroleum 
products,  the  principal  item  requiring  transportation,  by  various 
tTiodes  of  transportation  --  railroad  tank  cars,  pipe  lim  s and  trucks. 
The  use  of  railroad  tank  cars  from  the  point  of  origin  (New  Jersey) 
or  from  intermediate  retailing  points  would  require  the  purchase  of 
numerous  new  tank  cars,  the  acquisition  of  expensive  lands  (if  avail- 
able), and  tlie  development  of  sidings  at  both  ends  of  the  transporta- 
tion route.  It  would  also  require  more  hired  labor  and  would  incur 
all  attendant  costs  to  the  above.  An  intermediate  delivery  point 
would  entail  more  storage  facilities  and  rehandling,  resulting  in  high 
costs.  Many  oil  company  storage  tanks  in  the  East  Hartford  area 
are  located  far  from  railroad  sidings  thus  negating  direct  transfer. 
Therefore,  either  rehandling  would  be  required  by  truck  or  pipe  lini' 
from  freight  years,  or  existing  storage  facilities  would  have  to  be 
relocated. 
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Direct  delivery  by  truck  from  refineries  in  New  Jersey  or  inter- 
mediate rehandling  points  would  be  even  more  costly  tlian  by  rail 
tank  cars  due  to  the  much  smaller  quantities  which  could  be  delivered 
per  trip.  The  use  of  pipe  lines  would  not  be  competitive  with  tlie  cost 
of  barge  delivery  because  of  the  large  number  of  pipe  lines  which 
would  have  to  be  constructed.  One  of  the  major  drawbacks  in  the  use 
of  pipelines  is  in  the  transport  of  residual  oil.  The  high  viscosity  of 
residual  oil  requires  that  it  be  kept  heated  to  permit  pumping  trans- 
mission during  cold  weather.  The  required  stearnjacketed  pipe  line 
would  be  extremely  expensive  to  construct  and  maintain.  Also,  tlic 
oil  companies  claim  tliat  they  cannot  transport  the  numerous  types 
of  gas  lines  with  all  the  special  additives  tlirougli  thi’  same  pipelines 
and  still  maintain  integrity  of  their  products.  Tin  numbi  r of  pipi  - 
lines  thus  retjuired  is  very  liigh.  Therelort',  deli\’erv  of  tiie  petro- 
leum products  by  barge  is  the  most  economical  metliod  of  transpor- 
tation. 

Plan  formulation  considered  deeper  and/or  wider  navdgation 
channels  but  the  recommended  project  proved  to  be  the  most  eco- 
nomical solution.  Analy'sis  also  considered  extension  of  the  com- 
mercial navigation  project  upstream  to  Holyoke  and  found  that  it  was 
not  economically  justified.  The  recommended  project  assumes  that 
a flow  of  2,  000  cfs  will  be  available  at  Hartford  to  maintain  project 
depths.  Consideration  was  also  given  to  pro\iding  additional  flow 
in  the  river  above  the  2,000  cfs  but  this  proved  more  costly  than 
channel  dredging.  However,  it  is  expected  that  flows  provided  for 
other  water  resource  improvements  under  consideration  will  have 
an  enhancing  effect  on  the  navigation  project. 

Curtailment  of  shipping  was  consideri-d  hut  was  found  not 
leasihle.  A more  economical  method  of  transporting  petroleum 
products  to  the  Ha  rtford-Spr  ingfield  are.i  is  needed  in  thi'  near 
future.  I he  most  ecoiiomii.il  method  ol  t r.t  iis  po  r t i ng  thesi  prodiuts 
is  by  w.iti’rway. 

To  satisfy  the  extensivi-  recreation.il  boating  needs  of  the  futun 
ill  the  Coniuw t ic ut  Riv'cr  Basin,  numerous  alternali'f  solutions  wi  re 
considered  during  plan  formulation.  Between  ll.irtford  and  Holvoke 
two  low  level  dam  and  reservoir  plans  as  well  as  chanm  l dredging 
improvements  were  considi'ri'd.  Bow  Ilow  augment. itio.i  from  up- 
stre.im  reservoirs  was  investigated  .is  a supplement  to  tlu'  lonsidered 
pi. ins  of  i mp r o v<’ me nt . 

.Study  was  m.ide  o!  ,i  d.im  .iiul  liu  k with  lishw.iv's  just  upstre.im 
Irom  the  1 ’enn -Cent  r.i  1 K.iilro.id  .it  ll.irtford  or  .i  d.tm  .ind  lock  with 


r 

I 

i 

, fishways  at  South  Windsor  just  ahovo  the  mouth  of  die  Farmiiif^toii 

j River.  Extensive  study  also  w.is  made  concerninf>  chaniud  dredf^inj; 

in  the  Connecticut  River  helow  a/id  above  Windsor  Locks  Canal,  in- 
cluding a navigation  lock  which  woidd  allow'  boat  by-pass  of  the  exist- 
ing three  small,  inadequate  locks  at  the  downstream  end  of  the  canal. 
Although  it  was  determined  that  the  three  existing  lower  locks  could 
not  feasibly  be  incorporated  in  the  navigation  plan,  consideration  was 
given  to  measures  for  preserving  the  existing  locks  as  a scenic  or 
historic  site. 

As  in  the  Long  Island  to  Hartford  proposal,  low  flow  augmen- 
tation would  not  be  fi'.isible  because  of  the  large  quantities  of  water 
that  would  be  necessary  to  be  effective  in  increasing  channel  depths. 
Another  alternative  considered  was  the  possibility  of  providing  com- 
parable recreation  facilities  to  nieet  corresponding  demand,  outside 
the  basin,  for  example,  along  the  coastline.  However,  it  was  found 
that  the  coastline  is  approaching  saturation  by  existing  bo.it  uses. 

Upstream  of  Holyoke  .analysis  was  made  of  the  river  flows  .ind 
tributary  conditions  to  ascert.iin  whether  n.avig.ation,  chiefly  c.anoi'- 
ing,  could  be  enhanced  by  flow  rele.ises  from  upstream  reservoirs. 

In  gener.al,  this  w.as  found  not  possible  .as  the  reaches  of  stre.im  in 
which  c.anoeing  is  favorable  .are  usu.ally  too  steep  for  reservoir  re- 
leases to  incre.ase  channel  depths  unless  tremendous  v'olumes  of 
water  .are  used. 

Alternative  d.im  sites  in  the  main  river  would  be  both  expensive 
.ind  severely  detrimental  to  the  anadromous  fish  progr.am.  This  hit- 
ter was  st.ated  strongly  by  Federal,  State,  and  loi'.il  fish  .and  wildlife 
agencies. 

8.  Watershed  M.in.agement,  L.and  Resource  PI. inning  .ind 
T re.itme  nt 


Watershed  man.igement,  land  resourci-  planning  .ind  treatment 
should  be  a first  conside  r.ition  in  the  conse  rv.ition  development  .ind 
utilization  of  the  b.asin's  resources. 

Incre.ising  pressures  of  population  .and  the  ch.anging  trend  in  the 
p.attern  of  hind  use  h.ive  cre.ated  envi  ronment.al  problems  throughout 
the  basin.  The  scenic  .ittractivimess  .associated  with  diversified 
hand  use  is  being  diminished  through  the  construction  .activities  of 
m.an  .ind  tlu-  n.atur.al  process  of  succession.  In  m.inv  are. is,  the 
desirable  b.ahinci'  .imong  waiter,  forests,  .ind  me.idows  th.il  onei- 
typified  Ni>w  Enghind  hindsc.apes  h.is  been  or  is  in  the  process  of 
being  lost. 
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Consequently,  if  we  are  to  protei  t and  maintain  the  etu  i ruimu  iit 
of  the  basin,  the  non-structural  measures  which  fall  into  this  rescurce 
category  have  no  alternative  solutions.  They  should  be  recogni/.ed  as 
playing  an  important  role  in  the  array  of  solutions  outlined  in  the 
other  resource  categories  in  this  section. 

‘1.  Flood  Control  Alternatives 

The  objective  of  the  basin-wide  flood  control  plan  is  to  provide 
a well-balanced  system  of  flood  protection  for  existing  flood-prone 
areas,  and  to  eliminate  or  minimi/.e  future  increases  in  flood  losses. 
The  recommended  plan  would  proviile  reservoir  protection  to  tribu- 
tary watershed  areas  as  well  as  to  the  main  stem  of  the  river  south 
of  its  confluence  with  the  Fassumpsic  River.  Under  the  proposed 
plan,  five  areas  of  damage  concentration  would  be  protected  by  local 
protection  projects.  Future  increases  in  flood  loss  potential  would 
be  curtailed  by  implementation  of  flood  plain  management  with  par- 
ticular emphasis  to  the  main  stem  of  the  river. 

As  the  recommended  plan  employs  a mixture  of  major  reser- 
voirs, small  upstream  watershed  projects,  local  protection  projects 
and  flood  plain  management  tneasures,  it  might  seem  that  tliese 
four  different  devices  could  be  used  as  alternatives  to  each  other. 
However,  in  most  cases  they  are  not  true  alternatives,  because  each 
provides  .a  different  function. 

As  noted  in  Appendix  M - Flood  Control,  reservoirs  provide 
flood  protection  by  attenuating  or  preventing  watershed  runoff  from 
reaching  downstream  damage  points.  Local  protection  dikes  and 
walls  do  not  prevent  runoff  from  entering  a stream, or  lower  flotul 
stages,  but  rather  act  as  a barrier  to  prevent  the  water  from  reach- 
ing the  more  densely  concentrated  damage  zones.  Flooii  plain  man- 
agement  seeks  to  regulate  future,  or  to  remove  or  floodptuiof  exist- 
ing, flood  plain  development. 

Briefly,  then,  if  damage  is  spread  out  along  a ri\er  or  conciui- 
trated  in  <i  number  of  damage  centers,  ri'servoirs  tend  to  pro\  idi- 
the  best  solution.  Conversely,  if  damage  is  concentrated  in  one 
location  then  local  protection  is  often  the  best  solution.  Finaliv,  if 
structures  can  be  successlully  floodp roofed,  or  ev ai  uated  from  the 
floodprone  areas,  then  flood  plain  management  shouhl  be  a first  eon- 
sideration.  Flood  plain  zoning,  of  course,  should  bi-  used  ,is  an  im- 
portant initial  step  in  regulating  future  development  in  i flood-prom- 
a rea. 
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In  considering  alternative  sites  for  reservoir  control,  approx- 
imately 1,200  potential  locations  were  investigated.  Sites  which  sur- 
vived early  screening  stages  are  shown  on  Plate  K-2.  As  a guide  in 
screening  of  flood  control  sites,  efforts  were  made  to  locate  potential 
reservoirs  which  would  product  damage  reduction  to  the  maximum 
number  of  stream  reaches  and  also  provide  protection  on  tributaries 
with  tlie  highest  damage  potential.  Major  control  of  the  tributaries 
contributed  to  flood  protection  on  the  main  stem.  Areas  where  there 
was  local  damage  concentration  which  could  not  be  protected  by  res- 
ervoir reduction  of  flood  stages,  were  investigated  for  local  protec- 
tion. Finally,  the  flood  plain  on  the  main  stem  w’as  identified  so 
that  communities  could  take  the  initiative  in  passing  flood  plain  zon- 
ing, to  regulate  future  encroachment. 

Screening  of  potential  reservoir  storage  opportunities  included 
a review  of  existing  reservoirs  and  lakes,  particularly  main  stem 
hydroelectric  dams.  Most  of  these  structures  have  insufficient  stor- 
age to  effect  any  reduction  in  flood  stages.  Those  main  stem  dams, 
for  instance,  which  are  downstream  of  Comerford  Reservoir,  pre- 
sently contain  only  a small  amount  of  usable  storage.  As  shown  on 
Table  12  of  Appendix  M - Flood  Control,  the  combined  usable  stor- 
age (excludes  dead  storage)  of  Wilder,  Bellows  Falls,  Vernon,  Tur- 
ners Falls,  and  Holyoke  Reservoirs  is  only  46,200  acre-feet  equi- 
valent to  about  only  one-half  inch  of  runoff  on  the  drainage  area  at 
Holyoke.  This  would  not  be  adequate. 

During  the  early  stages  of  the  study  the  possibility  of  raising 
or  modifying  existing  dams  was  also  considered.  Major  construc- 
tion would  be  necessary  to  reclaim  the  total  storage  at  main  stem 
hydro  sites,  and  in  order  to  secure  significant  flood  reductions,  the 
reservoir  would  need  to  be  maintained  in  a comparatively  CTnpty  coti- 
dition  with  large  fluctuations  during  flood  periods.  These  would  be 
undesirable  from  an  aestlu'tic  view  and  would  damagt'  the  environ- 
mental quality  of  the  area. 

There  are  main  stem  reservoirs  including  and  upstream  of 
Comerford  which  do  have  enough  storage  to  effect  flood  reductions. 
The  most  prominent  of  these  are  tlie  First  <and  Second  Connecticut 
Lakes  and  Lake  Francis  which  provide  storage  at  the  headwaters 
of  the  River  and  the  Moore-Comerford  storage  and  power  genera- 
tion complex  further  downstream.  These  five  projects  currently 
operate  as  a system,  controlling  power  storage  for  downstrecim 
power  generation.  Their  pools  are  drawn  down  each  year  in  early 
spring  in  anticipation  of  runoff  from  snowmelt.  In  this  way  th«’y 
significantly  reduce  high  spring  flows  in  the  Basin. 
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Flood  runoff  from  the  northern  portion  of  the  basin  peaks  at 
downstream  damage  centers  considerably  after  runoff  contributions 
from  major  downstream  tributaries;  therefore,  units  of  storage 
above  Comerford  are  comparatively  less  effective  in  reducing  flood 
peaks  than  units  of  storage  located  dowiistream  of  Comerford. 

The  Early  Action  Plan  contains  85  flood  control  reservoir  sites, 
five  local  protection  projects  and  2Z8  miles  of  delineated  flood  plain 
on  the  main  stem.  It  is  beyond  the  scope  of  this  appendix  to  discuss 
specific  alternatives  for  each  of  the  flood  control  elements  in  the 
plan.  Appendix  M - Flood  Control  contains  a more  detailed  discus- 
sion of  flood  control  alternatives. 

The  78  ri'servoir  structures  in  the  upstream  watershed  flood 
protection  plan  arc  generally  located  in  non-de veloped  areas  where 
effect  on  existing  real  estate  development  is  minimum.  The  struc- 
tures have  been  selected  to  provide  the  most  efficient  protection  to 
the  upstream  areas  at  minimum  cost,  and  were  evaluated  against  the 
possibility  of  protecting  upstream  damage  centers  by  local  protection 
diking.  After  a need  was  established  for  flood  storage,  the  programs 
were  expanded  to  meet  the  needs  for  other  water  resource  uses. 

The  upstream  watershed  projects  do  not  have  a substantial  effect 
on  main  stem  major  floods  and  consequently,  were  not  considered 
to  be  alternatives  to  main  stem  flood  reduction. 

As  noted  previously,  alternatives  to  the  major  flood  control 
reservoirs  proposed  by  the  Corps  of  Engineers  are  discussed  in 
Appendix  M - Flood  Control.  In  general,  however,  alternatives  to 
a typical  major  multiple  purpose  reservoir  including  flood  control 
would  have  to  provide  flood  protectioji  on  the  local  tributaries  as 
well  as  protection  along  the  main  stem  of  the  Connecticut  River  to 
be  equivalent  to  the  major  reservoirs.  Also,  those  non-flood  con- 
trol features  v'.hich  are  iiu  haled  in  the  multiple-purpose  i-cm  rv’oir 
would  have  tt)  be  accomplished  by  some  other  meatis  if  the  ,ilternati\e 
was  not  another  multiple-purpose  reservoir.  One  mettu)d  of  .iccom- 
plishing  similar  output,  by  not  using  <a  major  reservoir,  would  be  a 
combination  of  upstream  wate r shed  protection  on  the-  local  tribu- 
tary and  local  protection  projects  at  damage  areas  along  th('  main 
stem  of  the  Connecticut  River.  Also,  to  provide  tlie  same  degree  of 
protection  on  the  local  tributary,  the  upstream  watershed  structures 
would  have  to  be  gate-controlled  or  in  essence  simply  stnaller  ver- 
sions of  the  larger  reservoirs.  Studies  were  inade  during  the  com- 
prehensive investigations  of  the  possibility  of  replacing  the  large 
flood  control  reservoirs  with  smaller  upstream  structures  and  it  was 
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found  that  to  accomplish  tiie  same  purpose  tlie  upstrea.m  structures 
would  he  more  expensive  ttian  the  recommended  large  reservoirs 
and  would  be  more  difficult  to  operate  and  maintain. 

Studies  were  also  made  of  the  possibility  of  providing  flood  pro- 
tection along  the  main  stem  of  tiie  Connecticut  River  by  the  use  of 
dikes  and  walls.  It  is  true,  tliat  the  largest  damage  centers  are  lo- 
cated in  Massachusetts  and  Connecticut;  however,  ttiere  are  signi- 
ficant damage  centers  in  New  Hampsliire  and  Vermont  at  sucii  loca- 
tions as  White  River  Junction,  Lebanon,  Windsor,  West  Claremont, 
Bellows  Falls,  Brattleboro,  and  Hinsdale.  In  addition,  tliere  are 
many  scattered  areas  where  development  in  the  flood  plain  is  not 
concentrated  sufficiently  to  even  consider  protection  by  walls  and 
dikes.  An  example  of  this  latter  category  would  be  highways  and 
railroads  which  liave  a comparatively  low  unit  damage  value  but 
are  continuous  and  run  for  great  lengths  down  through  the  valley. 

The  selection  of  a design  flood  for  major  basin-wide  floods  was 
based  on  many  past  years  of  experienced  floods  in  New  England. 
Development  of  the  selected.  Standard  Project  Flood,  is  described 
in  Appendix  C,  Hydrology;  briefly,  however,  it  is  a synthetic  flood 
derived  from  assuming  a severe  combination  of  meteorological  and 
hydrologic  conditions  that  are  reasonably  cliaracteristic  of  the  region. 
It  is  used  principally:  (a)  to  establish  top  grades  for  dikes  and  walls 

in  proposed  local  protection  projects;  (b)  to  demonstrate  the  adequacy 
and  degree  of  protection  provided  by  reservoirs  to  existing  local  pro- 
tection projects;  and  (c)  as  a design  discharge  for  channel  improve 
iTient. 

The  Standard  Project  Flood  used  for  the  Connecticut  River  Com- 
prehensive was  developed  from  a storm  centered  over  the  Williams- 
Saxton-West  River  watersheds  in  Vermont,  and  of  considerably  less 
total  rainfall  than  tliat  experienced  in  August  1955.  It  w.is  combined 
witli  a snowmelt  condition  equivalent  to  a 1-  or  2-year  frequency. 

The  SPF  would  produce  a discharge  of  443,000  cfs  at  Thompsonville , 
Connecticut  which  is  an  index  of  flows  in  tlie  Holy oke -Springfield 
area.  The  March  1936  flood  <at  Thompsonville  had  a peak  dischargi' 
of  282,000  or  64  percent  of  tlie  SPF. 

The  top  elevation  of  local  protection  walls  and  dikes  is  gener- 
ally based  on  tlie  highest  water-surface  occurring  during  the  SPF, 
plus  3 feet  of  freeboard  to  prevent  overtopping.  The  river  is  assumed 
to  be  flowing  freely  witli  no  backup  due  to  obstructions  from  ice  or 
debris.  The  Standard  Project  Flood  used  in  Uie  comprehensive  does 


K-  24  0 


not  include  allowance  for  jams  caused  by  ice  or  floating  debris. 
Although  jams  have  been  experienced  on  the  lower  Connecticut,  the 
probability  of  one  developing  is  unpredictable,  as  is  its  effect  on 
river  stages. 

Concerning  the  frequency  of  the  SPF,  it  is  not  possible  to  ex- 
press it  in  conventional  terms.  It  would  be  a rare  flood,  one  which 
has  not  yet  occurred,  but  which  could  happen  with  combination  of 
hydrologic  events. 

As  described  in  Appendix  M,  the  recommended  flood  control 
reservoir  system  for  main  stem  protection  was  a result  of  analyzing 
many  different  reservoir  combinations.  The  resultant  system  pro- 
vides protection  on  major  tributaries  while  simultaneously  contribu- 
ting to  reductions  on  the  main  stem. 

Stage  reductions  were  calculated  for  various  combinations  of 
flood  control  reservoirs  to  arrive  at  the  best  system  to  meet  all  the 
resource  needs  of  the  basin.  The  location  of  reservoir  sites  con- 
sidered in  various  alternative  systems  is  shown  on  Plate  K-2. 
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APPENDIX  L 


NAVIGATION 

SUMMARY 


COMMERCIAL  NAVIGATION 

'Since  the  early  use  of  the  Connecticut  River  by  Indian  tribes/'at 
Middletown,  Connecticut  and  other  upstream  villages,  as  reported  in 
1614  by  Adrian  Block  and  subsequent  explorers,  /the  ri\-er  has  become 
a major  artery  for  western  New  England.  A series  of  na\dgation  canals 
and  locks,  built  between  1792  and  1829,  enabled  commercial  navigation 
to  be  extended  upstream  to  Wells  River,  Vermont,  at  river  mile  266, 

Use  of  the  river  for  transporting  logs  and  rafting  small  cargoes  ex- 
tended upstream  to  Pittsburg,  New  Hampshire  (R.M,  392).  Although 
the  construction  of  railroads  led  to  the  demise  of  commercial  naviga- 
tion above  Hartford,  Connecticut  (R.M,  52)  by  1914,  comn^ercial  navi- 
gation between  Long  Island  Sound  and  Hartford  has  continued  to  increase. 
Over  3,  650,  000  tons  of  waterborne  commerce  were  received  between 
Middletown  and  Hartford  in  1968.  It  is  estimated  that  a total  of  1 1,  500,  000 
tons  would  be  received  by  the  year  2020,  necessitating  the  deepening 
and  widening  of  the  existing  15-foot  deep  navigation  channel. 

->The  1980  basin  plan  of  improvement  recommendes  deepening  the 
channel  below  Hartford  to  16  feet  at  mean  low  water  and  widening  the 
channel  to  250  feet  at  an  estimated  cost  of  $4,  200,  000.  The  study  also 
reviewed  the  need  for  commercial  navigation  improvements  abo\-e  Hart- 
ford and  determined  that  the  present  methods  of  pipeline  and  truck 
delivery  appear  to  be  the  most  economical  means  for  meeting  the  need 
for  petroleum  products  above  Hartford  at  the  present  rime.  Tht'  econon  ic 
justification  for  the  Long  Island  Sound  to  Hartford  commercial  na\iga- 
tion  improvement  and  the  recreational  navigation  improve  ment  betwi  en 
Holyoke  Dam  and  Hatfield,  Massachusetts,  as  discussed  in  the  next  sic- 
tion,  will  be  examined  in  greater  detail  as  part  of  project  authorization 
reports  which  will  be  prepared  for  submission  to  Congress  after  thi' 
comprehensive  report  is  reviewed  by  the  Water  Resourci-s  Council  anri 
submitted  to  the  President. 

RECREATIONAL  NAVIGATION 

TBoating  activity  between  Long  Island  Sound  and  Hartforrl  has  doubled 
in  the  past  fifteen  years.  - Growth  along  the  main  stem  storage  pools 
above  Hartford  also  has  been  active,  particularly  within  the  past  fi\i 


1 v 


voars.  However,  alnrost  no  boating  development  has  (jceurred  in 
the  1 r i-e  - 1 low  ing  river  reaches,  particularly  the  Hartlord  to  Windsor 
Locks  C'.anal  roach,  because  passage  generally  is  precluded  during 
summer  wei'kends  by  low  river  flows  resulting  from  upstream  power 
dams  impounding  the  ri\er  Hows  for  peaking  power  jjurposi-s  on  week- 
da  ys. 


r iu'  I'Nisting  peak-day  traffic  of  7,  000  boats  between  Old  Su\- 
brook  and  Hartford  is  especled  to  increase  to  dO,  000  boats  li\  ihi'  \i-ar 
dOdO.  It  is  anticipated  that  construction  of  additional  marinas  and  pro- 
\ision  of  boating  facilities  at  existing  Stall'  jjarks  along  the  ri\er  would 
nu-et  most  of  this  de mand.^^\The  need  for  access  ..  hannels  and  b.isins 
could  be  assisted  under  tl'.e/ Federal  small  na\igation  project  program 
authori/.ed  bv  Secion  107  of  the  l<3t.O  River  and  Harbor  Act.  In  the 
Hartford  to  Holyoke  area,  the  existing  peak-day  use  of  800  boats  (mainly 
within  the  Enfield  Reser\oir  area)  is  expected  to  increase  to  d,  400 
boats  by  the  vear  dOdO  without  dredging  or  canal  improvements,  WHtliin 
the  Holyoke  Reservoir  area,  the  existing  peak-day  use  of  1,  000  boats  is 
expected  to  increase  to  3,  000  boats  by  the  year  dOdO  without  dredging 
improvements.  The  l^HO  basin  plan  recommends  provision  of  h-foot 
deep  channel  where  needed  betvveen  Hartford  and  Holvoke  and  major  im- 
provements to  the  upper  4-mile  section  of  the  Windsor  Locks  Canal, 
at  a total  estimated  cost  of  $7,  dOO,  000.  The  1980  basin  plan  also 
recoil  mends  prox  ision  of  a o-foot  deep  channel  w lie  re  needed  in  fhe  14- 
mile  reach  between  Holyoke  Dam  and  Hatfield,  Massachusetts  at  an 
estimatefi  cost  of  $1,  000,  000.  It  is  anticipated  that  increased  boating 
activity  above  Holyoke  will  generate  future  interest  in  additional  channel 
improxements  between  Holyoke  and  Bellows  Falls,  Vermont,  including 
bvpass  measures  at  Holyoke,  Turners  Falls  and  Vernon  Dams. 


CAXOF.ING 

Till'  prime  canoeing  season  on  the  main  ri\er  ano  on  the  major 
tributaries  generally  extends  from  April  through  early  June.  Canoeing 
■ ilso  IS  possible  on  some  of  tlu'  larger  tributaries,  sucli  as  tlie  VShite 
Rixa  r in  \’ermont  and  the  .-Xminonoosuc  Rixer  in  New  Hampshire,  during 
till’  summer  months  alti'r  several  days  ol  hea\\  rains  have  augminted 
the  ri\er  flows.  Canoi'ing  in  th»’  free-flowing  ri'aclu  s ol  the  main  river 
during  the  summer  weekends  is  usually  possible  only  alter  several 
davs  of  heavy  rains  because  most  of  the  river  flow  is  impounded  during 
wi  ekends  bv  tin'  numerous  powi-r  dams  on  the  main  river  to  nu  et  the 
demand  for  weekday  peaking  power.  The  low  llovv  augmentation  measurt 
presentlv  recommi'nded  for  inclusion  in  the  1^80  liasin  plan  ol  imitrove- 
ment  would  not  provide  the  minimum  llows  neefied  to  assure  depeiuiable 


canoeing;  conditions  on  the  main  river  or  the  major  tributaries  dur- 
ing the  summer  months.  Some  improvement  of  flows  would  result 
on  the  main  river  below  Wilder  Dam  (R.M.  ill?)  from  reregulation  of 
Ilow  releases  from  Wilder  Dam,  which  have  been  recommended  by 
f'  tieral  and  State  agencies  as  part  of  the  scheduled  relicensing  of 
th<  power  proji  ct  by  the  Federal  Power  Commission  in  July  1970.  This 
action  may  in  turn  necessitate  some  changes  in  Ih’W  releases  Irom  the 
Connecticut  Lakes  (R.M.  3‘^d),  Lake  Francis  (R.M.  380)  and  Moore 
Dam.  (R.  M.  388),  which  ma  ■,  improve  minimum  river  flow  conditions 
a bo  Vi  VN'ilder  Dam. 

FEDERAL  PERMFl  PROGRAM 


The  compreliens  1 ve  study  has  been  instrumental  m h.i  ghli  ghting 
the  need  for  major  <.l,anges  in  regulations  concerning  Federal  permits 
for  work  in  the  navigable  waters  of  the  Connecticut  River.  Prior  to 
the  basin  study,  the  review  and  issuance  of  permits  for  work  in  or 
along  the  Connecticut  River  extended  upstream  only  to  Flolyoke  Dam 
in  Massachusetts,  at  river  mile  87.  The  basin  study  has  revealed 
that  there  is  need  for  wise  use  of  the  water  resourct's  of  the  basin, 
with  particular  need  for  control  of  development  along  the  main  river. 

In  view  of  the  proposed  expenditure  of  public  funds  for  works  having  a 
major  impact  on  the  main  river  and  the  need  for  resno.nsible  standards 
concerning  the  use,  development  and  conservation  of  the  river,  the 
Corps  of  Engineers  has  interpreted  that  its  jurisdict  on  in  the  review 
and  issuance  of  work  permits  should  extend  upstrearu  to  Murphy  Dam 
at  Lake  Francis,  at  river  mile  380. 
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NAVIGATION 

I.  NAVIGATION  IMPROVEMENTS  - 
LONG  ISLAND  SOUND  TO  HARTFORD 


A.  COMMERCIAL  NAVIGATION 

1.  Tributary  Area 

Bordering  the  river  between  Long  Island  Sound  and  Hartford 
are  17  towns  and  cities  which  had  a total  population  of  nearly 
328,  000  Hn  1960.  Tow.ns  witli  a population  over  25,000  include 
Hartford  with  163,500,  East  Hartford,  5 3,  400  and  Middleto\^■n, 
32,200.  The  population  that  is  served  by  the  existing  commercial 
navigation  channel  to  Hartford  is  estimated  at  1,  310,  000  of  which 
560,000  are  located  in  Massachusetts.  The  area  bordering  the 
river  is  a rich  farming  and  industrial  region.  The  cities  of  Hart- 
ford and  Middletown  are  large  industrial  centers  manufacturing  a 
wide  variety  of  products.  The  entire  area  is  served  with  a network 
of  roads  and  railroads. 

2.  Prior  Reports 

There  have  been  many  reports  on  the  Connecticut  River  relative 
to  improvement  for  commercial  navigation.  In  general,  these  re- 
ports have  covered; 

a.  improvements  at  particular  localities  or  bars  in  the 
river  such  as  anchorages  and  access  channels; 

b.  general  improvements  for  commercial  navigation  to 
Hartford,  including  channel  and  dikes,  training  walls 
and  revetm.enls: 

c.  channel  improvements  for  commercial  navigation 
above  Hartford,  authorized  but  not  constructed. 

The  earliest  report  was  made  in  18  37,  which  recommended 
dredging  of  a channel  500  feet  wide,  12  feet  deep  over  the  I'ntrance 
bar  at  Old  Saybrook.  Of  the  early  reports,  the  report  contained  in 
House  Document  No.  79,  73rd  Congress,  1st  Session,  is  the  basis 
for  that  part  of  tlie  existing  project  having  to  do  with  the  dredged 
channel  from  the  mouth  of  the  river  to  Ihirtford.  Under  projects 


approved  in  1870  and  subsequently  muJiiied  in  187  1,  1880,  1888, 
and  1890,  parallel  jetties  \teri  ^ onstruet«“<l  at  the  mouth  of  the 
river,  lo\^  training  vtalls  were  built  it  Hartford  <ind  Glastonoury 
and  channels  were  dredged  through  ti  e outer  bar  <ind  through  the 
bars  in  the  ri\er.  The  channel  dimensions  on  the  Saybrook  bars 
were  increased  progressi\ely  to  IS  bv  100  feet.  In  the  riv'er,  the 
bars  were  first  dredged  100  teet  ".ide  by  8 feet  deep. 

1.  Existing  Corps  of  Engineers  Project 

The  existing  projeit  for  tlu’  Connecticut  River  pro\ides; 

a.  A channel  IS  f.-et  deep  at  me.in  low  water,  300  feet 
wide  frorrj  the  moutb.  to  tiw  L.yme  railroad  bridge, 
thence  IS  feet  deep,  generally  150  leet  wide  to  Hart- 
ford, a total  distance  of  Sd  miles. 

b.  .\  channel  11  feet  deep,  100  fe.  t wide  from  deep  water 
in  the  ri\a*r  tii  the  ,'im’horage  in  bJorth.  CyO\'e,  Old  Sti\  - 
brook,  a length  ot  about  1 . '*00  feet. 

c.  Two  anchorag.-s  feet  •,nd  1 1 feet  deep  in  North  Cove. 

d.  Two  rijirap  jettie:  at  tlie  mouth  of  the  riit  r. 

c.  The  construction  of  dikes,  training  walls,  reietmonts 
and  accessory  works. 

f.  .-\  training  dike  aiiout  1,700  feet  long  at  Ihirtford. 

g.  A channel  8 feet  deep  and  7S  feet  wide  in  Eightmile 
Ri\er  from  the  Conneetieul  River  to  H.imburg  and  a 
turning  basin  of  the  sanu'  depth,  ISO  leet  w iiie  and  100 
feet  long  at  Hamburg  and  an  anehorage  area  at  Ham- 
burg f'  feet  di'ep  and  about  n.  S acres  iu  irea. 

h.  An  . ntr  inci'  clininel  t>  fe<  i elect),  ccner.illy  nO  It'et 
wide,  ,ind  a lU-aer'-  .ineliorige  b feet  deep  in  W'etliers- 
field  Cove. 

i.  A ehanni’l  10  lei’t  di  ep,  geiiertilK  100  li’i't  v.  idi'  ind 
about  1,900  feet  long,  from  the  existing  l*='-foot  Essex 
Shoal  channel  off  Essex  Reef  to  and  northw.ird  along 
the  Essex  wate  rl  ror  t , thence  to  the  exi.stme  IS-loot 
chaiUK-l  near  the  northeri  end  of  Eis^ex  .Shoal;  an 
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anchorape  ol'  15  acres,  10  feet  deep  in  the  southern 
pirt  of  the  area  bounded  by  the  10  and  15-foot  chan- 
nels; an  anchorage  of  1*^  acres,  8 feet  deep  in  tlie 
nortliern  part  of  the  area  bounded  by  the  10  and  15- 
foot  I'hannels. 

Construction  of  the  entrance  channel  in  the  Eightmile  River 
uas  completed  in  191i.  The  main  river  channel  improvements 
\>,fre  completed  in  l‘H7.  The  recreational  boating  improvements 
at  Essex  <uid  Wethersfield  were  completed  in  1^0  1,  while  those  at 
North  Cove  in  Old  Saybrook  were  completed  in  19o5.  The  existing 
projet  t has  been  completed  except  for  tlie  construction  of  additional 
regulatory  works  and  dredging  the  0-foot  deep  anchorage  basins  at 
Hamburg,  both  being  inactive  portions  of  the  project. 

4.  Terminal  and  Transfer  Facilities 


The  principal  terminal  and  transfer  facilities  are  located  at 
Middletown,  Portland,  Wethersfield,  East  Hartford,  and  Hartford. 
The  power  company  terminals  at  Middletown  and  Hartford  have  been 
modernized  to  pro\dde  for  storage  of  oil  as  a fuel  for  power  produc- 
tion replacing  the  former  coal  handling  and  storage  facilities.  At 
Hartford,  a municipally-owned  wharf  with  a frontage  of  about  1,500 
feet  is  available  for  public  use.  This  wharf  is  located  on  the  river 
side  of  a high  concrete  flood  wall  constructed  by  the  United  States. 
There  is  no  railroad  connection.  Alteration  to  the  flood  protection 
dikes  and  walls  would  be  required  before  rail  connection  could  be 
provided  to  a large  part  of  the  river  frontage  at  Hartford  and  East 
Hartford.  There  are  seven  yacht  clubs  and  seven  boat  clubs  loca- 
ted along  the  river  between  the  mouth  and  Hartford,  Id  boat  yards 
and  34  marinas  of  varying  sizes  and  services  for  boats  ranging  from 
small  skiffs  to  large  yachts.  The  existing  facilities  appear  to  be 
ample  for  present  needs  and  there  is  sufficient  rivi-r  front  available 
for  further  development  when  needed.  Expansion  of  oil  terminal 
storage  facilities  would  bi-  necessary  in  the  future  to  accommodate 
fuel  supplies  fur  expected  population  growth. 

5.  Existing  Commer>.e 

The  following  t.ible  gi\-i's  the  comjiarative  statement  of  w.iter- 
borne  commerce  on  the  Connecticut  i<i'.er  below  Hartford  during 
the  5-year  period  l^n4-l‘b)H.  i\'u  commeni’  has  been  reporti’d  on 
the  river  above  Hartforrl  for  over  hO  years. 


TABLE  I - I 


COMMERCE  OK  CONNECTICUT  RIVER  B.ELOW  HARTFORD 


Year 

T ons 

19o4 

3,833, 945 

19b5 

3 , 07  5, 947 

1^00 

3,  140,  4Z0 

1967 

3,  22  1,2  39 

1968 

3,  651 , 872 

The  tributary  area  serviced  by  th.e  waterborne  commerce  re- 
ceived on  the  river  betueen  Middletown  and  East  Hartford  is  noted 
on  Plato  L-2. 

From  the  foregoing  table  it  vill  be  noted  that  th.e  amount  of 
commerce  has  inc  reased  nearlv  lO'To  during  the  period  1964-1'368. 
Approximately  9^^%  of  the  commerce  consists  of  petroleum  and 
petroleum  by-products  shipped  from  New  York  and  other  nearby 
ports.  There  has  t^een  no  general  freight  or  passenger  service, 
except  ferry,  on  the  river  since  19  11. 

6.  Prospective  Commerce 

The  rate  of  increase  of  petroleum  products  receipts  during  the 
10-year  period  1959-1968  averaged  about  3.  7%  per  year.  A substan- 
tial portion  of  this  increase  can  be  attributed  to  the  increase  in  1967- 
1968  uhen  Middletown  and  Hartford  became  larger  receiving  centers 
for  oil  products.  It  is  expected  that  shipments  of  petroleum  will  con- 
tinue to  increase  at  least  at  the  same  rate  as  that  of  the  past  1C  years 
with  the  likelihood  of  being  greater  as  the  per  capita  demand  is  in- 
creasing to  some  degree.  It  is  anticipated  that  annual  receipts,  prin- 
cipally by  sea-going  barges,  will  total  5,000,000  tons  by  1980  and 
1 1 , 500,  000  tons  by  2020. 

7.  Vessel  Traffic 

The  shipments  are  recei\u*d  either  in  sir.all  coastal  tankers  aver- 
aging 2,  100-ton  capac.ty  or  ocian-going  tow  barges  up  to  3,  0004on  ca- 
pacity. The  use  of  the  river  below  Hartford  by  commercial  vessels 
in  1968  the  latest  year  for  which  information  is  available,  is  shown 
bv"  the  following  table.  Data  on  '.I’ssels  drawing  less  than  i feet, 
principally  downboutid  empty  barges,  are  not  inclufied. 


l.-l 
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TABLE  1 -2 


NUMBER  OE  TBD^S  AND  DRAFTS  OF  VESSELS 


Draft  (ft. 

.) 

Upbound 

Dowiibound 

Self 

P ropelled 
Tankers 

Tow  eii 
Barges 

Total 

Self 

Propelled 
Tanke  r s 

Towed 
Ba  rges 

Total 

16-17 

> > 

- 

) ) 

5 

- 

5 

14-lS 

14 

3 i 

51 

- 

> 

12-13 

807 

522 

1329 

225 

b 

2 34 

10-11 

255 

93 

348 

407 

24 

431 

8-9 

87 

b 

9 3 

482 

4 

48b 

TOTAL 

1185 

658 

1843 

1121 

37 

1158 

8.  Plan  F'o  rmulation 

Although  28  percent  of  the  vessels  used  to  deliver  petroleum 
products  between  Middlefoun  and  East  Hartford  are  small  coastvMse 
tankers,  which  navigate  on  flood  tide  to  avoid  shoal  areas  in  the  exist- 
ing channel,  these  tankers  are  being  phased  out  in  favor  of  barges  of 
4,  000-ton  capacity.  Barges  serve  as  a more  economical  means  of 
transportation  to  mee*  the  needs  of  terminals  scattered  along  the  rivers 
and  smaller  harbors  of  the  coast  of  New  England,  because  the  towboats 
are  able  to  leave  the  barges  for  loading  and  unloading  at  the  terminals 
thus  eliminating  the  cost  of  in-port  time  incurred  by  the  tankers.  In 
order  to  fully  utilize  the  increasing!',  larger  bargt's  in  the  Connecticut 
River,  it  would  be  necessary  to  deepen  the  channi-1  sligiitly  and  provide 
for  a substantial  widening  in  the  interest  of  safe  passage  of  the  oil 
barges  and  in  the  interest  of  transportation  saiincs. 

Consideration  was  giien  to  alternatiie  mi’ans  of  di’liverv  in  lii’U  of 
further  channel  deepening  and  widening,  i.  e.  bv  railroad  tank  cars, 
pipeline  and  truck.  The  use  of  railroad  tank  cars  from  tht-  point  of 
origin  (New  Jersey)  or  from  intermediate  rehandling  points  would  r<-- 
qiiire  the  purchase  of  many  new  t.tnk  cars,  the  purchase  of  expensive 
lands  (if  available)  for  sidings  at  both  ends  of  the  deliverv  route, 
more  hired  labor,  and  attendant  costs.  Also,  .in  intermediate  delivery 
point  would  entail  more  storage  facilities  .ind  rehandling.  1 he  costs 
would  be  high.  In  addition,  many  oil  comp.inv  storage  tanks  in  the  East 
Hartford  area  are  loc.ited  too  remoti'  trom  railroad  sidings  lor  direii 
transfer.  Hi'handling  would  be  required  b\  truck  or  pipeliiu’  Ironi  t lu 


freight  yards  or  existing  storage  facilities  woald  httve  to  be  relocated. 
These  alternatives  appear  unattractive  and  uneconomic  at  this  time. 

Direct  delivery  by  truck  from  refineries  in  New  Jersey  or  inter- 
mediate rehandling  points  would  be  even  more  costly  due  to  the 
smaller  quantity  which  could  be  delivered  per  trip.  The  use  of  pipe- 
lines ^'.ould  not  be  competitive  with  barging  costs  for  deliveries  be- 
cause of  the  number  of  pipelines  that  \>-ould  .have  to  be  constructed. 
.^Iso,  the  high  viscosity  residual  oil  must  be  kept  heated  to  enable 
pumping  during  cold  ueather.  Thus,  a steam  jacki  ted  pipeline 
v'.ould  be  necessary.  The  ctist  of  the  rights-of-way,  purchase, 
installation,  and  all  operation  and  maintenance  of  the  many^  pipe- 
lines costs  uouhl  be  proh.ibiti\e.  Therefore,  delivery  of  th.e  petro- 
leuni  products  by  barge  is  th.e  most  economic  method  .at  present. 

'■1.  Recommencled  Plan  of  Improvement 


Impro\ement  for  commercial  navigation  in  the  Connecticut  River 
would  provide  for  deepenitig  the  channel  from  15  feet  to  lb  feet  below 
mean  low  water  and  .'.idening  it  generally  from  150  feet  to  250  feet 
with  widening  of  the  bend.s  to  allow  the  use  of  larger  4,000  ton  capac- 
ity barges.  The  present  cost  for  dredging  the  ri\er  including  con- 
tingencies and  overhead  is  estimated  to  be  $4,200,000.  Annual  cost 
for  amortization  o\er  a 50-year  life  at  an  interest  rate  of  4 7/8% 
and  maintenance  of  the  channel  would  amount  to  $400,000.  The  exist- 
ing commercial  navigation  improcements  and  the comme rcial  na\iga- 
tion  improvements  recommended  for  inclusion  in  the  1980  basin  plan 
of  irnprov'ement  are  showii  on  Plates  L-3  through  I.-b. 

10.  Benefits  from  Channel  Improvements  Below  Hartford 

Benefits  from  deepening  and  v^  idening  the  ch.mnel  from  Long 
Island  Sound  to  Hartford  would  result  in  transportation  sa\ings 
through  the  use  of  larger  barges.  The  only  benefits  susceptible  to 
monetary  evaluation  are  the  savings  in  transportation  charges  which 
would  accrue  from  transportation  of  commodities  to  those  concerns 
which  would  improve  their  terminal  facilities  to  receive  the  deeper 
draft  vessels.  There  are  14  major  companies  located  between  Mid- 
dletown and  East  Hartford  which  receive  shiptnents  of  petroleum  pro- 
ducts and  other  various  commodities.  In  addition,  residual  oil  is 
used  by  electric  generating  plan's  in  Middli'town  and  Hartford. 

In  the  waterborne  petroleum  trade,  per  Ion  delivery  costs  of  the 
commodities  become  lower  as  the  size  of  the  carrier  increases.  A 


comparison  oi  cost  was  n-ade  for  the  round  trip  of  a 3,  000-ton  and 
4,000-ton  oil  barge  and  tug  from  Bayonne,  New  Jers<-y  to  East  Hart- 
ford. The  3,000-ton  barges  now  being  used  are  the  largest  that  are 
capable  of  navigating  the  present  15-foot  deep  channel.  The  com- 
parison IS  based  on  the  premise  that  the  larger  barges  would  pro- 
ceed up  the  river  and  deliver  full  cargo  loads.  Therefore,  benefits 
for  deepening  the  existing  channel  are  predicated  on  the  incremental 
savings  in  deli'.ery  costs,  to  be  attained  by  pro\iding  for  the  use  of 
la  rge  r Via  rge  s . 

In  19t'8,  in  excess  of  3,d50,OCO  tons  of  various  products  were 
recei\ed  at  Hartford  by  barge  or  small  no.i.stal  tanker.  The  c om- 
modities  c'arried  and  the  tonnage  of  each  are  listed  belciw: 


Commoclity  Tonnage 


Fish 

1 

Crude  t.ir,  oil,  gas  products 

-35. 

8o8 

G<isoline 

1,011, 

Q44 

Ji-t  Fuel 

203, 

2 DO 

Ke  rosc-tu- 

oO. 

308 

Distillate  Fuel 

Sr-8  . 

600 

Residual  Oil 

1 , 39  3, 

808 

Naptha,  petroleum  solvents 

4. 

841 

Asphalt,  tar,  iindpit.hes 

5r>, 

r40 

Bldg.  Ceim-nt 

2 o , 

d87 

3 , !'5  1 , 87 ^ Tons 

Dolivi'ry  of  these  commodities  by  larger  barges  or  bv  more  fully 
loaded  barges  would  result  in  a savings  ol  15  cents  per  ton,  as  based 
on  telephoni'  discussions  with  shipping  agents  fcir  wati  rborne  carru  rs 
to  representative-  Connecticut  River  ti-rminals.  iiiis  savings  is  b.iS>-d 
upon  a comparison  of  operating  costs  of  Sou  per  hour  for  a 3,  000-ton 
barge  ($24  per  hour  lor  a .’.40'  x 43.  5x12.  5’  b.irgi')  and  $45  p<  r hour 
for  a 1,  50n  - horsepc^we-r  towbe-at  with  opc-raiing  costs  ol  $75  per  iiour 
for  a 4,  000-ton  barge  ($30  per  hour  lor  a 300'  x 43.  5'  x i 3.  5'  barge-) 
and  $45  per  hour  for  ,i  1,  500  - horsepowt-r  towboat.  Ilie  deluerv 
cost  per  ton  lor  a 3,  OOO-t.ui  barge  would  be  $1.  40  (4  i hours  for  round 
trip  between  New  Jt  rsev  and  Harttord,  plus  20  hours  loading  and  un- 
loading (-1  hours  X $o9  pi  r ui  $4.  200  ior  3.  OOO-t.uis  ol  oil  or 
$1.  40  per  ton).  The  deii\ery  v ost  per  ton  lor  .i  4.tt")0-ton  barge  would 
be  $1.  25  (41  hours  tor  round  trip,  plus  2t  hours  K-amng  and  unloading 
(i7  hours  X $,'5  per  hour  $5.  000  lor  4,000  tiins  of  oil  or  $1.  2.5  per  toi 
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Thus,  -annual  savings  in  delivery  cost  for  the  existing  commerce  of 

3,  o50,  000  tons,  at  15  cents  savings  per  ton,  would  amount  to  $548,  000. 

!■  uture  commerce  requiring  waterborne  transportation  was  projected 
to  the  year  20Z0.  Based  on  the  expected  population  increase  for  the  trib- 
utary area,  it  is  estimated  that  a total  of  1 1,  500,  000  tons  would  be  de- 
livered annually  by  the  year  2020.  The  annual  benefits  to  be  realized 
in  2020  for  the  additional  7,  850,  000  tons  would  be  $i,  178,  000.  The 
average  annual  equivalent  for  the  50-year  period  at  a 4-7/8%  interest  rate 
(based  on  a straight  line  growth  factor  of  0.  328)  would  amount  to  $386,  000. 

Channel  widening  and  easing  of  hazardous  bends  in  the  river  would 
allow  a decrease  of  about  30  minutes  in  travel  time  during  the  upstream 
trip  and  about  20  minutes  during  the  downstream  trip.  This  would  provide 
a total  savings  in  travel  time  of  about  five-sixths  of  an  hour.  Existing 
c t* c e of  3,  650,  000  tons  would  require  915  trips  for  delivery  by 

4,  000-ton  barges.  Annual  savings  in  delivery  costs,  attributable  to  cha.nnel 
widening,  would  amount  to  $57,  000  for  delivery  of  e.xisting  commerce. 

Future  additional  commerce  of  7,  850,  000  tons  would  require  J,  960 
trips  for  delivery  by  4,  000-ton  barges.  Annual  savings  in  delivery  costs 
attributable  to  channel  widening,  would  amount  to  $122,  000.  The  average 
annual  equivalent  for  the  50  year  period  at  a 4-7/8%  interest  rate  (based  on 
a straight  line  growth  factor  of  0.  328)  would  amount  to  $40,  000.  This  is 
based  on  1,  960  trips  x 5/6  hour  x $75  operating  cost  per  hour  x 0.  328 
average  annual  equivalent  factor  which  would  provide  a total  savings  of 
$40,  000  for  delivery  of  future  commerce.  A summary  of  annual  benelits 
follow  s : 


Summary  of  Benefits 

Deepening  Channel  to  lb'  mlw  Amount 

Existing  Commerce  $548,000 

Future  Commerce  38b,  000 

Widening  Channel  and  Channel  bends 

Existing  Commerce  57,  qOO 

Future  Commerce  40,  000 

Total  Annual  Benefits  $1,031,000 
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1 1 . Local  Cooperation  tor  Improvcmonts  Bflov>  iiartlurd 

The  benefits  that  could  be  expected  throukih  further  improvement 
of  the  Connecticut  River  for  navigation  '.'.ould  accrue  to  the  produeers 
of  commodities  transported  on  the  river,  the  transportation  companies, 
and  the  consumers  in  the  Connecticut  Valley.  Therefore,  the  benefits 
are  considered  to  be  jii'neral  in  character.  Accordin^L,  local  inter- 
ests should  not  be  expected  to  make  a cash  c o.nt  r ibut  ion  touard  the 
cost  of  the  improvement.  Hou'e\er,  it  v.ould  be  necessary  for  local 
interests  to  construct  additional  terrniniil  lacilities  as  required,  includ- 
ing dredging  of  berthing  areas  commensurate  to  the  depth  of  the  channel 
and  providing  additional  on-shore  storage  areas  to  meet  the  demands 
for  future  commerce.  One  tern'.inal  at  Middletoun  \v.ould  have  to 
shorten  the  length  of  its  pier  to  permit  proper  alignment  of  the  proposed 
\cider  channel. 

1 1.  Sumniary  and  Conclusions 

The  Connecticut  River  belocc  Hartford  serves  as  a mam  artery 
for  waterborne  commerce  in  southern  New  England.  Petroleum  pro- 
ducts are  delivered  to  various  points  alc'ng  the  river,  principal  oil 
tc-rminals  being  located  at  East  Hartford  and  VVethi'rsfield,  Navigation 
improc-ements  consisting  of  deepening  and  widening  the  channel  would 
permit  larger  vessels  fully  loaded  to  reach  these  terminals  resulting 
in  a lower  cost  of  delivery  of  petroleum  and  other  products.  Benefits 
that  would  accrue  from  improvement  are  sufficient  to  justify  the  recom- 
mended improvement.  In  addition,  the  channel  widening  improvement 
would  reduce  the  threat  of  oil  barge  collisions  and  the  resulting  oil 
spills  that  could  damage  the  downs’ reani  fisiiery  iiabitat  and  wildlife 
areas.  Therefore,  in  view  of  the  volume  of  commerce  that  is  anticipated 
to  be  carried  on  the  river  and  the  sa\ings  in  transportation  costs  ex- 
pected to  accrue,  lurther  improvement  of  the  Conm  cticut  Ri\er  from 
its  mouth  at  Long  Island  Sound  to  Hartford  appears  warranted. 

B,  RECRE.VTIONAL  NAVIGATION 

1.  Existinc  Facilities.  E.xisting  facilities  for  recreational 
boating  on  the  lower  52  miles  of  tlie  river  arc  discussed  in  the  first 
five  paragraphs  of  Part  I-A.  In  addition  to  berthing  and  mooring  fa- 
cilities for  boats  based  at  the  34  marin.is,  12  boatyards,  14  dubs 
and  many  private  docks  between  Old  Sa/brook  and  Hartford,  there 
are  10  public  den  ks  and  26  launching  areas  for  transient  and  trailer- 
based  floats.  Although  most  of  the  launching  ramps  arc  open  to  the 
public,  only'  seven  ramps  arc  State-operated  and  only  three  ramps 
• ire  munic ip<t  1 ly-ope  rated. 


Vessel  T raff ic.  Recreational  boating  between  Old  Saybrook 
and  Hartford  has  doubled  in  the  past  15  years.  The  existing  fleet  num- 
bers about  3,  500  boats,  mostly  berthed  at  commercial  marina  facilities 
with  the  remaining  boats  at  moorings  or  private  docks.  On  a peak  week- 
end day,  an  additional  3,000  trailer-based  boats  and  about  500  transient 
boats  from  other  waterways  or  harbors  may  be  found  on  the  river.  Based 
on  a 150-day  boating  season,  these  3,000  trailered  boats  represent  the 
equivalent  of  1,000  locally  based  boats  and  the  transient  boats  represent 
the  equivalent  of  about  150  locally  based  boats. 

3.  Prospective  Vessel  Traffic.  Demand  for  additional  marina 

facilities  is  being  exerted  from  three  major  sources:  expansion  of  the 

basin  population,  overcrowding  at  inland  lakes,  and  overcrowded  marina 
facilities  between  New  York  City  and  Old  Saybrook.  The  existing  peak- 
day  traffic  of  7,  000  boats  is  expected  to  increase  to  about  1 5,  000  boats 
by  the  year  2000  and  to  about  20,  000  boats  by  the  year  2020. 

4.  Plan  Formulation.  It  is  projected  that  about  9,  500  berths 
or  moorings  would  be  required  by  the  year  2000  and  about  1 3,  000 
berths  or  moorings  would  be  needed  by  the  year  2020.  About  half  of 
this  demand  would  likely  be  met  by  continuing  expansion  and  develop- 
ment of  commercial  marinas  and  boating  clubs.  To  assist  in  meeting 
the  remaining  demand,  it  is  anticipated  that  several  communities  will 
request  Federal  and  State  assistance  in  constructing  access  channels 

and  basin  areas.  The  four  existing  Federal  project  areas  at  Old  Say- 
brook, Essex,  Hamburg  and  Wethersfield  offer  opportunities  only  for 
moderate  expansion.  Most  of  the  lower  estuary  area  along  the  east 
bank  between  Middle  Haddam  and  Old  Lyme  would  be  eliminated  for 
marina  consideration  because  of  moderate  to  high  waterfowl  values. 
Day-use  marina  basins  and  launching  ramps  are  scheduled  for  develop- 
ment at  several  State  parks  in  this  area. 

Most  of  the  prospective  marina  sites  that  w'ould  be  appro- 
priate for  development  would  be  located  in  the  following  three  areas: 
the  east  bank  between  East  Hartford  and  Portland,  the  west  bank  be- 
tween Wethersfield  (Crow  Point)  and  Cromwell,  and  the  west  bank 
between  southern  Middletown  and  Essex.  Selective  landfill  operations 
would  be  required  in  some  of  these  low-lying  areas  to  reduce  the  threat 
of  river  flooding.  Some  sites  for  development  of  major  basins  away 
from  the  main  stem  could  be  reserved  by  existing  and  pending  land  ac- 
quisition programs  for  the  establishment  of  Federal  and  State  recrea- 
tion areas.  Other  sites  could  be  reserved  by  the  indi\idua!  communi- 
ties, with  the  guidance  of  their  regional  planning  agencies  and  the  as- 
sistance of  Federal  and  State  grants -in -aid  programs. 
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As  boating  activity  increases  on  the  river,  future  cunsid- 
1‘ralion  could  hi-  yiven  to  pru\.ision  ol  <a  si’condary  system  of  naviga- 
tional aids  that  would  delineate  the  ri\er  areas  having  adequate  de[iths 
for  boating  purposi-s  which  lie  outside  of  the  limits  of  the  well-marked 
comnu’rcial  navigation  channel.  The  proposed  vsidening  of  the  existing 
comnii'rcial  navigation  channel  to  daO  feet  would  jirovide  greater 
maiu“u V e ra bi  1 1 1 v and  saiety  to  recreational  boats,  particularly  when 
passing  or  o\i>rtaking  commercial  vessels.  Future  consideration 
also  could  be  given  t<>  provision  ol  occasional  bypass  channels  that  u'ould 
follow  a different  course  from  the  commercial  na\igation,  such  <is  on 
the  opposite  side  ol  existing  islands,  Uart  Island  and  Haddam  Island 
State  Parks  may  be  exceptions  because  swimming  areas  may  be  de- 
c eloped  in  futuri-  years  along  thi'  west  shores  of  both  islands  where 
natural  beaclu’S  have  formed. 


MARINA  FACILITY  AT  OLD  .SAYBROOK 
.SHOWING  EXTENSIVE  BOATING  DEVELOPMENT 
IN  THE  ESTUARY  .ARE.V 


5.  Plan  of  Improvermmt.  No  sp>-i  ■tic  dredging  or  stru-ctur  ! ■ 
improvements  an-  recommended  for  ckwelopim  nt  at  tlos  time.  It 
anticipated  that  several  communities  will  rei|ue.-^l  Feder.il  ass  -tan-  c 
for  drtulging  impro\  lUiients  uncier  the'  small  na\ig<itiiai  pit-giiim  au- 
thorir.ed  by  Section  107  of  the  PtnO  River  and  Harbor  .Act.  Federal  and 
State  technical  tissistani  i'  i ould  be  pro\  ided  to  the  ri  gional  .uui  mui;-. 
jial  pl.uiiung  agencies  in  the  formulation  ol  plans  lor  deline.iting  .mu 
pn-ser\.ing  spe-  ilic  sites  for  lulure  development  e>l  marina  complexi 
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A variety  of  benefits  would  accrue  from  cluster  development  of  marina 
facilities  rather  than  haphazard  development  of  individual  marinas. 

Summary  and  Conclusions.  The  Connecticut  River  below 
Hartford  is  fast  becoming  a major  recreational  boating  area.  Old 
Saybrook  and  Essex  have  been  long-standing  popular  boating  centers. 

In  view  of  the  rapid  expansion  of  boating  activity  on  the  river,  special 
emphasis  should  be  given  at  this  time  to  the  delineation  and  preserva- 
tion of  selected  sites  for  future  marina  development.  Such  action  would 
insure  the  availability  of  prime  marina  sites,  permit  long-range  plan- 
ning of  access  roads  and  service  utilities,  and  avoid  undue  destruction 
of  high  value  wildlife  areas  and  other  scenic  areas.  Subsequent  con- 
sideration could  be  given  to  dredging  of  specific  areas,  provision  of 
additional  navigational  aids  and  dredging  of  bypass  channels  to  provide 
alternative  passages  for  use  by  recreational  boats. 
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II.  NAVIGATION  IMPROVEMENTS 
HARTFORD,  CONNECTICUT  TO  HOLYOKE,  MASSACHUSETTS 


1 

I 


1 
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A.  RECREATIONAL  NAVIGATION 

1.  Introduction 


Although  a concurrent  study  of  recreational  navigation  needs 
between  Hartford  and  Holyoke  was  made  under  separate  study  author- 
ization from  the  comprehensive  basin  study,  the  navigation  study  was 
closely  coordinated  with  the  participating  agencies  in  the  comprehen- 
sive study.  It  was  cognizant  of  the  short-  and  long-range  objectives 
of  the  basin  study,  as  well  as  the  recommendations  of  the  Connecti- 
cut River  National  Recreation  Area  Study.  A digest  of  the  navigation 
study  is  presented  in  this  appendix,  as  follows; 

2.  Authority 


A resolution  adopted  June  23,  1964  by  the  Committee  on  Public 
Works  of  the  U.  S.  House  of  Representatives  authorized  a review  of 
previous  reports  on  the  Connecticut  River  between  Hartford,  Con- 
necticut and  Holyoke,  Massachusetts  to  determine  the  advisability 
of  modifying  the  existing  navigation  project  in  the  interest  of  recre- 
ational boating.  Particular  consideration  was  given  to  providing 
recreational  craft  an  adequate,  permanent  bypass  of  Enfield  Rapids 
and  Enfield  Dam  in  northern  Connecticut  by  modification  of  the  141- 
year  old  Windsor  Locks  Canal  which  is  located  along  the  west  bank 
of  the  river.  This  canal  modification,  in  conjunction  with  necessary 
channel  improvements  between  Hartford  and  Agawam,  Massachu- 
setts, would  provide  a continuous  navigable  channel  of  85  miles  be- 
tween Long  Island  Sound  and  minor  rapids  located  about  1.  8 miles 
dowTistream  from  the  Holyoke  Dam. 

3.  Existing  Navigation  Conditions 

The  portion  of  the  river  under  study  in  this  report,  for  the  pur- 
pose of  providing  navigation  improvements,  is  the  35-mile  reach 
between  Hartford  and  Holyoke.  The  impact  of  any  improvements 
made  in  this  reach,  on  the  52-mile  river  section  from  Hartford 
downstream  to  Long  Island  Sound,  also  has  been  studied.  The  lower 
60  miles  of  the  river  are  under  tidal  influences  with  a mean  range 
of  3.  5 feet  at  Old  Saybrook  and  1.  7 feet  at  Hartford;  the  latter  dimin- 
ishes to  about  1.  2 feet  at  summer  low  water  stage.  The  tidal  influ- 
ence upstream  from  Hartford,  which  is  represented  by  a minor  cycli- 
cal build  up  and  fall  of  river  water,  diminishes  to  zero  at  the  former 


L-1  3 


Bissell  Ferry  crossing  (R.  M.  59.  5)  between  Windsor  and  South 
Windsor,  about  7.  5 miles  upstream  from  Hartford. 

A naturally  deep  channel  follows  the  outside  bends  in  the  river 
for  a distance  of  about  2.  7 miles  upstream  from  Bulkeley  Bridge  to 
Meadow  Brook  in  northern  Hartford.  The  natural  channel  has  a typical 
width  of  200  to  300  feet  and  a maximum  width  of  700  feet;  whereas  the 
total  river  width  varies  from  800  to  1,  300  feet.  Because  there  are 
no  existing  buoys  to  mark  the  channel  limits,  local  knowledge  is  re- 
quired, in  navigating  the  river,  to  avoid  lateral  shoals  and  hazards. 

The  controlling  depth  in  this  reach  is  about  6,  6 feet  at  mean  low  water 
(mlw).  The  mean  low  water  stage  above  Hartford  represents  a sloping 
plane  having  an  equivalent  reading  of  2 feet  on  the  Hartford  Gage  at 
Bulkeley  Bridge  for  a flow  of  3,  500  cubic  feet  per  second  (cfs).  Zero 
on  the  gage  is  0.  55  feet  below  mean  sea  level. 

The  next  reach,  which  extends  about  3.  4 miles  upstream  to  the 
upper  entrance  to  the  Farmington  River  at  Windsor,  has  a less  well- 
defined  channel  following  the  outside  bends  in  the  river.  Short  sections 
having  channel  depths  of  6 to  1 0 feet  (mlw)  are  interrupted  by  extensive 
shoals  having  depths  of  generally  3 to  4 feet.  The  controlling  depth 
through  the  shoals  is  about  1.  7 feet. 

The  natural  channel  in  the  5.  2 mile  reach  between  the  Farming- 
ton  River  and  the  Windsor  Locks  Canal  is  poorly  defined.  It  is  too 
narrow  and  sinuous  to  offer  a navigable  course  for  boaters.  This 
reach  offers  depths  of  only  2 to  4 feet,  which  frequently  diminish  to 
the  controlling  depth  of  about  1.  0 foot. 

The  scenic  Windsor  Locks  Canal,  which  extends  about  5.  3 
miles  upstream  from  the  Interstate  91  bridge  at  Windsor  Locks 
village  (about  11.2  miles  upstream  from  Hartford),  affords  a limited 
means  for  pleasure  boats  to  bypass  the  Enfield  Rapids  and  Enfield 
Dam.  The  canal  is  30  to  45  feet  wide  in  the  0,  8-mile  long  reach  at 
the  downstream  Windsor  Locks  industrial  area  and  80  to  120  feet 
wide  in  the  4.  5 mile  reach  between  Windsor  Locks  Village  and  En- 
field Dam.  The  Enfield  Rapids  extend  about  four  miles  downstream 
from  the  dam.  Three  small  navigation  locks  at  the  lower  end  of  the 
canal  and  one  small  lock  at  the  upper  end  provide  for  this  bypass  and 
the  necessary  vertical  lift  of  about  33  feet.  The  flow  of  water  through 
the  canal,  used  primarily  as  process  water  for  four  industrial  plants 
and  for  power  production  at  the  lower  end  of  the  canal,  is  controlled 
by  seven  vertical-lift  steel  gates  in  a masonry  wall  adjacent  to  the 
upstream  lock.  The  controlling  depths  in  the  canal  are  about  2.  3 
feet  in  the  lower  lock  and  about  5.  0 feet  at  the  upper  end. 
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FIG,  I.-l  PRESERVATION  OF  LOWER  LOCKS  TO  WINDSOR 
LOCKS  CANAL  FOR  CONSIDERATION  BY  LOCAL  INTERESTS 


The  Knfield  Dam,  located  about  16.  5 milee  upstream  from 
Hartford,  is  a stone-filled  timber  crib  structure  rising  about  5 feet 
above  the  line  of  bedrock  ridges  at  the  head  of  the  Enfield  Rapids. 
Originally  constructed  as  a diversion  dam  to  provide  sufficient  water 
depth  through  the  Windsor  Locks  Canal  for  flat-bottomed  river  barges, 
it  now  reroutes  some  of  the  river  flow  through  the  canal  to  meet  the 
water  needs  of  four  mills  along  the  canal,  as  established  by  long- 
term water  leases  granted  by  the  Windsor  Locks  Canal  Company,  a 
subsidiary  of  the  Connecticut  Light  and  Power  Company.  The  dam 
has  an  average  crest  elevation  of  38.  9 and  impounds  a 16-mile  long 
pool  that  extends  upstream  to  the  1.  8-mile  long  WTllimansett  Rapids, 
immediately  below  the  Holyoke  Dam.  In  the  pool  above  Enfield  Dam, 
controlling  depths  are  3 feet  in  the  1,  000-foot  reach  between  the  canal 
and  the  new  Thompsonville  bridge  (Conn.  190)  and  about  7 feet  be- 
tween Thompsonville,  Connecticut  and  Holyoke. 

Upstream  from  the  Holyoke-Willimansett  highway  bridge  (Mass. 
Routes  116  and  141),  at  the  head  of  the  Enfield  Dam  pool,  passage 
through  the  Willimansett  Rapids  is  usually  restricted  to  downstream 
movement  by  canoes  because  of  numerous  boulders  and  sandbars  in 
this  reach.  Remnants  of  the  former  Willimansett  Canal,  later  known 
as  the  South  Hadley  Canal,  are  still  visible  at  the  eastern  end  of 
Holyoke  Dam.  A 2-mile  long  canal  was  used  between  1 795  and  1862 
to  pass  flatboats  around  Hadley  or  Great  Falls  (R,  M.  87.  1)  and  the 
first  Holyoke  Dam,  which  was  built  as  a navigation  dam,  about  1.  5 
miles  further  upstream..  Near  the  turn  of  the  century  the  lower  half- 
mile  section  of  the  canal  was  redeveloped  for  waterpower  and  process 
water  use  for  three  mills  along  the  canal,  and  a section  of  one  mill 
was  built  over  the  canal.  This  canal  use  has  since  been  discontinued 
and  the  canal  is  now  in  disrepair,  the  lower  end  serving  only  as  an 
outlet  for  Buttery  Brook. 

The  existing  Holyoke  Dam,  a masonry  structure  having  a crest 
elevation  of  97.  5,  was  completed  in  1 900,  impounding  a pool  about 
25  miles  long.  It  is  used  principally  for  hydroelectric  peaking  power 
generation  by  the  Hadley  Falls  Station  of  the  Holyoke  Water  Power 
Company,  as  well  as  for  rerouting  water  through  a 3-level  canal 
distribution  system  along  the  west  bank  in  Holyoke  for  process  water 
and  waterpower  use  by  many  industries  and  for  hydroelectric  power 
generation  by  several  plants  along  the  canal  system.  Modification 
of  the  Holyoke  canals  for  the  passage  of  recreational  boats  around  the 
Willimansett  Rapids  and  Holyoke  Dam  would  be  impractical  because 
of  the  numerous,  low  highway  and  railroad  bridges  now-  crossing  the 
canals  and  the  need  for  providing  three  navigation  locks. 
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4.  T ributary  Area 


The  portion  of  the  Connecticut  River  between  Hartford  and 
Holyoke  flows  throujj;h  approximately  equal  reaches  of  Maesachu- 
aetts  and  Connecticut.  The  study  area  includes  four  cities  and 
eleven  towns  borderinjj  the  river.  These  are  listed  belrw  ir.  down- 
stream order  and  shown  in  the  locality  map  on  Plate  L-2.  Ir. 
Massachusetts,  the  communities  are  Holyoke,  V.  est  Springfield, 
and  Agawam  on  the  west  bank  and  South  Hadley,  Chicopee,  Spring- 
field  and  Longmeadow  on  the  east  bank.  In  Cc.nr.eclicut,  t.he  com.- 
munities  are  .Suffield,  Windsor  Locks,  U mdsor  anu  Hartford  on 
the  w'est  bank  and  Enfield,  East  Wn.dsor,  .South  Windsor  and  East 
Hartford  on  the  east  bank.  The  total  populatiori  of  the  immediate 
tributary  area,  based  on  1 965  State  census  figures,  amounts  to 
664,  000. 

The  tributary  area,  typical  of  the  entire  Connecticut  Valley 
from  Long  Island  Sound  to  Holyoke  is  a proauctive  farming  and  in- 
dustrial region.  The  cities  of  Hartford,  Springfield,  Chicopee  and 
Holyoke  are  major  manufacturing  and  distribution  centers.  Prin- 
cipal products  include  paper,  textiles,  n.achinerv,  tools,  metals, 
rubber  products,  and  electrical  goods.  Ea.st  Hartford,  the  northern- 
most commercial  port  on  the  river,  also  serves  as  the  main  petro- 
leum distribution  center  for  the  area.  [’he  portion  of  the  valley  be- 
tween Hartford  and  Holyoke  supports  manv  large  tobacco  farms  and 
general  truck  gardens.  The  region  is  served  by  a growinfj  system  of 
expressways  backed  up  by  an  extensive  network  of  secondary'  roads. 
Main  line  and  branch  railroads  link  the  comm.uniti es  within  the  study- 
area.  Principal  airports  are  Bradley  Field  in  Windsor  Locks, 
Westov-er  Air  Base  in  Chicopee,  Brainard  Field  in  Hartford  and 
Barnes  Field  in  nearby  Westfield,  Massachusetts. 

5.  Prior  Federal  Reports 

As  noted  earlier  in  this  Appendix,  between  1837  and  1900,  the 
Connecticut  River  was  the  suoject  of  many  reports  relative  to  its  im- 
provement for  commercial  navigation.  The  early  reports  covered 
improvements  at  particular  localities  or  sandbars  on  the  lower  river, 
general  channel  improvements  below  Hartford,  and  a variety  of  im- 
provements for  commercial  navigatior.  above  Hartford.  The  impro\e- 
ments  considered  above  Hartford  included  channel  improvements, 
wing  dams  to  I'ncourage  ch.annel  flushing,  navigation  dams  at  Hart- 
ford and  Windsor  Locks,  enlargement  of  the  existing  Windsor  Locks 
Canal,  and  a number  of  canal  proposals  along  the  east  b.ank  of  the 
river,  the  longest  extending  about  18  miles  from  the  mouth  of  the 
Hoek.inum  Ri'.  er  in  Ilast  Hartford  uustream  to  Thoinp.Sdnvillo. 
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Since  1900,  the  following  reports  have  been  made  concerning 
improvement  of  the  river  above  Hartford  for  commercial  navigation. 

Year 

Document 

Number 

Congress 
&c  Session 

Report  Recommendations 

1904 

H.  D.  Z31 

58/  3 

Reviewed  18*^7  report  (H.  D.  136, 

55/2),  concerning  Federal  con- 
struction of  three  navigation  locks 
and  movable  dams  (wicket  gates 
lowered  for  flood  passage)  at  Hart- 
ford (R.  M.  51.  8)  at  Warehouse  Point 
(R.  M.  64.  7)  and  at  Kings  Island  i 

(R.  M.  65.  8)  and  dredging  of  9 ft. 
channel  from  Hartford  to  Holyoke. 

Recommended  no  improvements  by 
United  States. 

1905 

H.  D.  323 

59/2 

Recommended  7 ft.  channel  from 
Hartford  to  Holyoke  and  Fbderal  con- 
struction of  new  lock  connecting  with 
upper  section  of  Windsor  Locks  Canal, 
subject  to  private  interests  ceding  use 
of  upper  canal  to  United  States  with- 
out cost.  No  action  by  Congress. 

1908 

H.  D.  818 

60/1 

Reviewed  H.  D.  323  and  recommended 
no  improvements  by  United  States  as 
private  interests  did  not  wish  to  cede 
use  of  upper  canal  to  United  States 
without  cost. 

1909 

House  R&H 
Comm.  Doc  1 5 

60/2 

Both  documents  reviewed  H.  D.  323 
and  recommended  alternative  plan  at 
Enfield  Rapids,  eiv.ailing  Federal 
construction  of  lock  in  proposed  pri- 
vate pow'er  dam  at  and  below  Kings 
Island.  No  action  by  Congress. 

1910 

H.  D.  818 

61/2 

Recommended  that  private  or  cor- 
porate interests  construct  dam  and 
lock  at  Enfield  Rapids  without  cost 
to  the  United  States,  with  subsequent 
operation  and  maintenance  of  lock  by 
United  States.  No  action  by  Congress. 

L-17 

A 

1915 


H.  D.  417 


64  i 1 


1925  House  R&.H  68/2 

Comm.  Doc.  1 1 


1930  House  R^,;H  71  '2 

Comm.  Doc.  35 

1930  House  RikH  71  '2 

Comm.  Doc.  16 


1 933  H.  D.  27  73/  1 


Rfcommended  12  ft.  channel(trom 
Hartford  to  Holvnke)subject  to  con- 
struction of  dam  and  lock  at  Enfield 
Rapids  by  private  or  other  interests 
and  provision  of  public  terminals  at 
Springfield,  Chicopee  and  Holyoke. 

No  action  by  Congress. 

Recommended  7 -foot  channel  from 
Hartford  to  Windsor  Locks  Canal, 
subject  to  local  interests  contri- 
buting half  the  first  co.st  and  pro- 
viding public  terminals.  No  action 
by  Congre.ss. 

Reviewed  II,  D.  417  and  recommended 
no  improvements  bv  United  States. 

Reviewed  Hou.se  Rf.-H  Comm.  Doc. 

3 5 and  r ec'immended  12 -ft.  c.hannel 
from  Hartford  to  Holyoke,  subject 
to  construction  of  dam  and  lock  at 
Enfield  Ranid.=  by  pr.vate  interests 
and  proeision  of  public  terminals  at 
Springfield,  Chicopee  and  Holvokc. 
Proji'ct  adopted  bv  RkH  .Act  of  3 
July  1930. 

Rec'iewed  House  RikH  Comm.  Doc. 

36  and  recommended  tliat  the  condi- 
tion with  respect  to  lock  and  dam 
of  Enfield  Rajnds  be  broadened  to 
provide  for  construction  by  State, 
municipal  or  private  interests. 
Recommendation  adopted  bv  Rkll  .Act 
of  30  .August  1 ’ 3 


1939  H.  D.  1 65 


76/1  Recommended  modificatum  ol  existing 

project  to  provi  do  for  construe  tion  ol 
combined  navigation  and  pi  wer  dam 
at  Enfield  Rapids  bN'  the  Eederal 
go\  crnm('nt  <ind  alter.ition  of  bridges 
bv  local  intere.sts.  No  ai  tion  In 
Congress. 
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1941 


Not  printed 


Considered  channel  between  Hart- 
ford and  Holyoke  for  vessels  of 
light  draft  and  founc  that  Federal 
participation  was  not  warranted. 


In  addition  to  the  above  reports,  a number  of  reports  have  been 
made  pertaining  to  flood  reduction  and  flood  plain  management  measures 
for  communities  between  Hartford  and  Holyoke.  These  reports  have  led 
to  the  authorization  and  construction  of  local  flood  protection  projects 
at  Hartford,  East  Hartford,  Springfield,  West  Springfield,  Chicopee 
and  Holyoke,  and  are  described  in  Appendix  M. 

6.  Existing  Corps  of  Engineers'  Projects 


Construction  of  six  low-level,  riprap  wing  dams  and  limited 
dredging  of  sandbars  near  the  mouths  of  the  Farmington  and  Scantic 
Rivers  were  performed  by  the  Federal  government  in  the  Windsor- 
South  Windsor  reach  between  1871  and  1880.  These  works  were  re- 
paired in  1886  and  1914,  with  most  of  the  wing  dam  at  the  mouth  of  the 
Farmington  River  being  removed.  The  cost  of  these  improvements  was 
$116,  300  for  new'  work  and  $14,  400  for  maintenance.  The  intent  of  these 
riprap  structures,  which  were  built  out  from  the  riverbank  at  a slight 
downstream  angle,  was  to  promote  flushing  and  natural  maintenance  of 
a 4-foot  deep  channel  by  reducing  the  river  flow  at  mean  low'  water  stage 
to  uniform  width  of  500  feet  and  thereby  increasing  the  river  velocity  and 
scouring  action.  Subsequent  field  inspections  indicated  that  tnese  struc- 
tures w'ere  unable  to  w'ithstand  flood  flow'  velocities,  were  built  about  two 
feet  too  low  and,  because  of  the  small  number  of  structures  built,  some 
appeared  to  have  counteracted  the  natural  flushing  action  that  generally 
occurs  along  the  outside  bends  of  a river. 

The  presently  authorized  project,  which  provides  for  a IZ-foot 
channel  from  Hartford  to  Holyoke  and  a dam  and  lock  at  Enfield  Rapids, 
is  based  on  the  House  River  and  Harbor  Committee  Document  .N'o.  36 
and  on  House  Document  No.  LI,  as  adopted  by  the  1930  and  1 935  River 
and  Harbor  Acts.  A review  of  this  project  is  contained  in  Section  II.  B. 
of  this  Appendix. 

7.  Vessel  T raffic 

Peak  recreational  boating  activity  in  tlie  Hartford  to  Holyoke 
waterway  occurred  during  the  1930's,  prior  to  highway  land  takings 
and  construction  of  flood  protection  works  at  Hartford,  East  Hart- 
ford, Springfield,  West  Springfield,  Chicopee  and  Holyoke  that 
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resulted  in  the  demolition  of  a number  of  boatyards  then  in  active 
use.  Although  statistics  are  not  available  on  the  total  number  of 
launchings  at  the  15  existing  launching  ramps,  it  is  estimated  that 
approximately  9,  000  vessel  trips  are  made  annually  by  an  existing 
fleet  of  about  200  boats.  About  half  of  these  trips  are  by  marina- 
based  boats,  mainly  in  the  Enfield  Dam  pool.  Most  of  the  remaining 
trips  are  by  trailered-based  boats  owned  by  area  residents,  of  which 
about  half  of  the  trips  are  associated  with  shad  fishing  activities  in 
May  and  June. 

During  the  past  10  years  about  50  recreational  boats,  on  the 
average,  locked  through  the  Windsor  Locks  Canal  each  year.  This 
traffic  ranged  from  a high  of  84  boats  in  1960  to  a low  of  24  boats  in 
1964.  About  80  percent  of  the  canal  traffic  represents  Massachusetts 
boats  moving  downstream  to  the  Connecticut  River  estuary  during  the 
months  of  May  and  June  when  river  flows  are  still  high  and  then  re- 
turning upstream  during  the  months  of  October  and  November  when 
river  flows  have  been  augmented  by  autumn  rains  to  permit  passage 
over  the  shoals  at  Windsor  and  Windsor  Locks  and  over  the  miter  gate 
sills  at  both  ends  of  the  canal,  which  cannot  be  navigated  at  extreme 
low  river  stages.  Few  transient  boats  attempt  to  cruise  upstream  from. 
Hartford  because  of  the  need  for  local  knowledge  of  the  numerous  shoals 
and  other  obstructions. 

8.  Difficulties  Attending  Navigation 

Although  intermittent  attempts  were  made  between  1871  and  1914 
to  maintain  a narrow  channel  through  the  shoals  in  the  Windsor-South 
Windsor  reach  of  the  river,  no  permanent  Federal  improvements  have 
been  made  above  Hartford.  Shifting  shoals  in  the  lower  reach  of  the 
river  between  Hartford  and  Windsor  Locks  constitute  the  chief  naviga- 
tion difficulty.  The  river  in  this  reach  varies  from  800  to  1,600  feet 
in  width.  Most  of  the  problem  areas  occur  in  the  areas  where  the 
river  width  exceeds  1,  200  feet.  During  lov. -flow  conditions,  as  ;x- 
perienced  during  the  summer  months,  river  velocities  through  these 
wide  sections  of  the  river  decrease  below  the  point  where  river  sand 
IS  no  longer  carried  in  suspension,  thereby  creating  new  shoals.  In  a 
few  cases,  islands  have  formed  where  shoals  became  stabilized  and 
covered  with  protective  vegetation,  such  as  Farmington  Island  opposite 
the  mouth  of  the  Farmington  Riv'er.  Such  action  has  reduced  the  ef- 
fective width  of  the  river,  thereby  causing  natural  maintenance  of  a 
moderately  deep  channel,  particularly  where  the  river  width  has  been 
significantly  reduced  by  the  island  formation.  However,  most  shoals 
have  not  become  sufficiently  stabilized  to  permit  the  growth  of  pro- 
tective vegetation,  thus  resulting  in  shifting  shoals  which  hinder  the 
passage  of  recreational  boats  during  much  of  the  boating  season. 


The  problem  of  insufficient  navigation  depths  over  the  shoals  is 
compounded  by  the  present  method  of  operating  upstream  hydroelectric 
plants  for  peaking  power.  The  river  flows  are  impounded  during  the 
weekends,  except  during  the  spring  snowmelt  period,  and  releasee  are 
made  intermittently  on  weekdays  to  meet  the  demand  for  peak  power. 

Typical  summer  weekend  flows  are  reduced  to  about  Z,  000  c.  f.  s.  , as 
compared  with  the  mean  low  water  flow  of  3,  500  c.  f.  s.  Lnder  2,  000 
c.  f.  s.  flow  conditions,  depths  at  the  mouth  of  the  Scantic  River  are  about 
0.  5 foot  less  than  mean  low  water  depths,  while  depths  at  Windsor  Locks 
are  about  0.  8 foot  less. 

Because  these  summer  weekend  low-flow  conditions  do  not  prov'ide 
adequate  boat  depths  in  the  approach  channels  to  both  entrances  to  the 
Windsor  Locks  Canal,  a major  problem  results  at  the  lower  entrance  to 
the  canal  where  the  existing  miter  gate  sill  elevation  is  3.  8 feet  Hartford 
Datum  (or  3,  3 feet  msl).  A depth  of  2.  4 feet  is  available  at  the  lower  lock 
at  mean  low  water.  This  depth  is  reduced  to  about  1.  6 feet  at  the  typical 
summer  weekend  flow  of  2,  000  c.  f.  s.  Provision  of  a 6-foot  deep  naviga- 
tion channel  above  Hartford  would  lower  the  water  surface  at  Windsor  Locks 
by  about  one  foot  (at  2,  000  c.  f.  s.  flow),  further  reducing  the  available 
depth  at  the  lower  lock  to  only  about  0.  6 foot.  This  explains  why  most  boats 
must  schedule  their  passage  through  the  canal  to  periods  when  high  river 
flows  are  available. 

The  third  major  difficulty  to  navigation  is  the  host  of  inadequacies 
in  the  0,  8-mile  long  industrial  section  at  the  lower  end  of  the  canal.  In 
addition  to  insufficient  depth  at  the  lower  lock,  other  inadequacies  include 
the  slow  filling  time  of  the  three  hand-operated  lower  locks,  a very  narrow 
canal  width  which  has  necessitated  a 2-mile-an-hour  speed  limit,  two  swing 
footbridges  and  two  swing  vehicular  bridges  that  must  be  operated  for  all 
boats  passing  through  the  canal,  and  closure  of  the  canal  for  eight  days  in 
early  August  so  that  repairs  may"  be  made  in  the  industrial  section  of  the 
canal  when  the  mills  are  closed  during  the  vacation  period.  Total  passage 
time  through  the  canal  is  about  2.  5 hours,  of  which  about  1.  5 hours  are  re- 
quired for  passage  through  the  three  lower  locks  and  past  the  four  restrictive 
swing  bridges.  Canoes  are  permitted  to  use  the  canal  proper,  but  the  facili- 
ties are  not  operated  for  the  passage  of  canoes  so  pcrtages  must  be  made 
around  the  four  bridges  and  around  the  locks.  Under  present  operation,  the 
canal  is  operated  only  for  an  8-hour  day,  .Mondays  through  .Saturdays.  The 
upper  section  of  the  canal  is  in  good  condition  except  for  a few  minor  shoals 
caused  by  small  brooks  entering  the  west  side  of  the  canal  and  except  for 
insufficient  depth  in  the  lock  at  the  head  of  the  canal  during  low  river  stages. 

Navigation  difficulties  within  the  Enfield  Dam  pool  are  minor.  There 
is  need  for  ledge  removal  to  provide  adequate  depth  ;n  the  access  channel 
between  the  hea  l lock  and  deep  water  immediately  upstream  of  the  new 


highway  bridge  at  Thompsonville.  There  is  also  need  lor  a safety  net 
and  boom  to  prevent  boats  from  being  swept  over  the  dam  should  thev 
lose  power.  Witlnn  the  main  pool,  there  is  r;e<»d  lor  navigation  aids  to 
mark  permanent  shoal  areas  outside  the  naturally  deep  sections  of  the 
pool,  as  well  as  need  for  limited  dreaging  of  scattered  shoals  witlun  the 
Massachusetts  section  of  the  pool  about  two  miles  north  of  the  Connecti- 
cut line. 


9.  Desired  Improvements 

A public  hearing  on  the  Hartford  to  Holyoke  recreational  naviga- 
tion study  was  held  at  the  Windsor  Locks  High  School  on  December  1, 

1964  to  determine  the  types  of  improvements  desired  in  the  Connecticut 
River  and  to  learn  the  extent  of  interest  foi  and  opposition  to  such  im- 
provements. The  hearing  was  attended  Oy  Z31  persons,  all  favoring 
improvements  for  recreational  boating  between  Hartford  and  Holyoke. 
Representatives  of  the  Connecticut  and  Massachusetts  State  Legislatures, 
various  State  and  municipal  agencies,  and  many  boating  clubs  expressed 
a desire  for  a navigable  channel  so  that  small  craft  could  pass  between 
Long  Island  Sound  and  Holyoke.  They  cited  the  need  for  addition.*.!  water 
area  for  recreational  boats  and  claimed  that  .a  navigable  channel  to  the 
sound  would  induce  expansion  of  the  local  ooating  industry  of  sufficient 
magnitude  to  justify  the  improvement.  All  spokesmen  lavored  develop- 
ment of  a 6-foot  deep  channel,  as  needed,  and  several  spokesmen  re- 
quested provision  of  a low  dam  at  Hartford  in  order  to  provide  additional 
boating  area  and  to  reduce  the  amount  of  c.dannel  dredging  tb.al  otherw-se 
would  be  required  between  Hartford  and  Windsor  Locks.  Connecticut 
fishery  officials  expressed  opposition  to  construction  :>f  any  new*  barriers 
in  the  river  or  increasing  the  height  of  the  existing  Enfield  Dam. 

1 0.  Plan  Formulation. 

Efforts  were  taken  in  formulating  improvements  for  the  three  distinct 
reaches  of  the  waterway  (below  tlie  canal,  through  the  canal,  and  abo%m  the 
canal)  to  preserve  the  existing  environments  withoi  r iverbed  and  along  the 
riverbanks,  as  well  as  enhance  areas  along  th.e  canai  bai'^s.  Ir.  addition 
to  consideration  of  the  two  basic  im.provement.<  req-i>;sied  for  t Hart- 
ford-Windsor  Locks  reach  be'ow  the  canal,  .iddit-ona'  plans  \\<*re  studied 
which  would  open  up  the  Hartford  to  Holyoke  v/.at*.rway  fc,r  safe  passage 
through  the  boating  season. 

Alternative  plans  considered  included  (a)  a dam  .ind  1 *ck  v.ith  fish- 
ways just  upstream  from  the  Penn.  Central  R-i  lroari  bridge  at  Hartford. 

(b)  a darn  and  lock  with  fishways  at  South  Winds*  r -uvt  .ahuve  the  mouth 
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of  the  Farrrurifj^on  River;  and  (c)  channel  dredging;  beluv.  and  above  the 
Windsor  Locks  Canal  and  modification  of  the  canal  to  include  a naviga- 
tion lock  to  allow  boat  by-pass  of  the  existing  3 small,  inadequate  locks 
at  the  downstream  end  of  the  canal.  F-’lans  (a)  and  (b)  were  found  to  be 
not  feasible  because  of  the  expected  substantial  losses  in  the  fisheries  and 
the  relatively  high  costs. 


1 1.  Plan  of  Improvement 


Having  determined  that  a minimum  river  flow  of  2,  000  cfs  could 
meet  recreational  boating  needs  between  Hartford  and  Holyoke,  a plan 
of  improvement  was  developed  which  would  prov'ide  a channel  6 feet  deep 
and  100  feet  wide,  extending  about  12.  7 miles  upstream,  from  Bulkelev 
Memorial  Bridge  in  Hartford  to  a point  on  the  we.st  bank  of  the  river  about 
1.  5 miles  above  the  lower  end  of  the  Windsor  Locks  Canal.  .At  this  point, 
the  channel  would  connect  with  the  canal  (about  2,  200  feet  upstream  from* 
the  Windsor  Locks  industrial  area),  through  a navigation  lock  23  feet  wide 
by  140  feet  long  (usable  length).  The  lock  would  provide  a vertical  lift  of 
33  feet.  A channel  6 feet  deep  and  60  feet  wide  would  he  provided  in  the 
canal  for  a distance  of  4 miles  to  the  head  of  the  canal  at  Enfield  Dam. 

The  channel  in  the  pool  impounded  by  Enfield  Dam  would  be  b feet  deep 
and  100  feet  wide  extending  about  16.  5 miles  upstream  to  Holyoke.  The 
entire  channel  w'ould  be  adequately  marked  by  navigation  aids  furnished 
and  maintained  by  the  U.  S.  Coast  Guard. 


To  provide  the  channel  improvement  and  maintain  .idequate  control 
on  the  water  level  needed  for  navigation,  additional  work  would  be  required 
in  the  Windsor  Locks  Canal  area.  Industries  located  along  the  canal  down- 
stream from  the  proposed  navigation  lock  have  long-term  water  leases 
totaling  290  cfs.  To  meet  this  industrial  water  need  and  the  need  for 
draining  the  lower  end  of  the  canal  for  miaintcnance  work  by  the  canal 
company  while  the  mills  are  closed  during  the  summer  vacation  period, 
an  earthfill  dam  would  be  built  across  the  canal,  about  1,  100  feet  down- 
stream from  the  proposed  navigation  lock.  Gated  conduits  would  be  pro- 
vided in  the  dam  for  passage  or  shutoff  of  water,  as  retiuired  by  the  in- 
dustries. A flow  of  300  cfs  would  be  provided  through  the  canal  during  the 
boating  season.  The  remaining  flow  available  at  Enfield  Dam  would  be 
passed  down  the  main  river  to  meet  the  needs  of  fis.hery  resour*  es  in 
the  Enfield  Rapids  and  to  help  offset  the  drawdown  effiwt  of  channel  dredg- 
ing at  the  foot  of  the  rapids  opposite  Windsor  Locks  village. 
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The  lock  would  be  operated  during  daylight  hours,  furniehing  pas- 
sage at  the  rate  of  ZS  to  ^0  boats  per  hour.  The  size  .and  design  of  the 
proposed  new  lock  is  based  on  the  need  to  meet  the  weekend  peak  de- 
mand for  boat  passage. 

Berthing  facilities  would  be  provided,  as  oart  of  the  Z.  3-acre 
slack  water  area  formed  between  the  canal  dam  and  the  navigation  lock, 
for  use  by  boats  waiting  for  transit  thirough  the  lock  and  for  use  by  the 
boating  public  to  gam  access  to  proposed  onshore  rest  facilities  near 
the  lock.  These  boater  accommodations  would  include  a comfort  station, 
potable  water,  fireplaces,  picnic  tables,  a float  landing  and  oump-out 
equipment  for  sewage  disposal  from  the  boats.  Selected  plantings  would 
be  made  to  establish  a scenic  and  shaded  park  area. 

in  order  to  assure  adequate  depth  within  the  canal  for  boating 
needs,  the  existing  towpath  would  be  raised  and  the  canal  aqueduct 
across  Stony  Brook  would  be  modified.  The  towpath  'would  be  raised  aboi.t 
two  feet,  for  a distance  of  3.  3 miles  upstream  from  tne  canal  dam,  in 
order  to  provide  sufficient  embankment  .height  (ireeboard)  to  contain  the 
canal  water  at  maximum  allowable  water  levels.  The  ..anal  would  be 
operated  during  the  boating  season  for  all  flows  up  to  the  freshet  level 
of  40,  000  cfs.  At  this  maximum  water  level,  elevation  42.  3 m.  s.  1.  , 
the  proposed  floodgate  at  the  head  of  the  canal  would  be  closed  until  river 
flows  subsided  to  a safe  flov'.  for  recreational  navigation  on  the  river. 
Historical  records  of  flows  at  Thompsonvillc  Gage  indicate  tiiat  flows 
exceeding  this  magnitude  could  be  expected  d’urmg  the  boating  season  at 
a frequency  of  about  once  in  fifteen  years. 

The  proposed  60-foot  channel  width  witnir.  ti  e canal  woulh  be  ade- 
quate for  t'A’o-way  boat  passage,  as  there  would  be  only  a 0.  3-knot  cur- 
rent in  the  canal  under  operating  conditions.  A boat  speed  limit  of  six 
miles  per  hour  would  be  established  for  the  canai  area  to  avoid  the  prob- 
lem of  the  wake  from  passing  boats  causing  va\e  overtopping  of  the  canal 
banks.  This  speed  restriction  is  the  same  as  that  commonly  established 
for  narrow  channels  at  marinas  and  small  basins  .n  other  nearby  boating 
areas. 


At  Enfield  Dam,  the  existing  shallow  lock  at  the  bead  of  the  canal 
would  be  removed,  ledge  excavation  would  be  accomplished  to  provide 
adequate  channel  depth,  and  a double-leaf  miter  gate  would  be  installed 
to  serve  aS  a flood  control  gate  when  river  discharges  exceed  40,  000 
c.  f.  P.  Under  normal  condition.®  during  the  boating  seas'^^^n  the  floodgate 
and  vehicle  access  bridge  would  remain  open  to  provide  ..  clear  naviga- 
tion channel  25  feet  wide  through  the  structure.  Pedestrian,  equestrian 
and  bicycle  access  to  the  towpath  would  be  provided  by  .-i  fixed  footbridge 
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over  the  flood  control  structure  having  a minimum  vertical  clearance  of  18.5 
feet.  Access  to  the  towpath  at  the  lower  end  of  the  canal  for  project  main- 
tenance vehicles  would  be  provided  along  the  top  of  the  canal  dar.i  connect- 
ing With  a permanent  access  road  leading  to  Main  Street  in  Windsor  Locks. 
Public  vehicular  access  (autos,  motorcycles  and  motor  bikes)  to  the  tow- 
path  would  be  prohibited  because  of  the  narrow  top  width  of  the  towpath 
and  the  need  for  a clear  navigation  opening  at  the  flood  control  gate  or  the 
need  for  several  bridge  operators.  In  addition,  it  is  unlikely  that  the 
State  of  Connecticut  would  approve  a railroad  grade  crossing  for  public 
vehicular  use  of  the  proposed  access  road  across  the  railroad  and  pro- 
posed canal  dam  at  Windsor  Locks.  It  is  considered  that  public  vehicular 
activity  on  the  towpath  would  be  incompatible  with  the  general  recommen- 
dations of  the  Bureau  of  Outdoor  Recreation  in  its  National  Recreation  Area 
Study  that  a recreation  and  conservation  park  be  established  at  Enfield 
Rapids  and  the  Windsor  Locks  Canal  (Reference  Appendix  H). 

At  the  new  Thompsonville  bridge  which  crosses  the  river  about 
400  feet  upstream  from  Enfield  Dam,  safety  nets  would  be  placed  betweeti 
the  bridge  piers  and  a floating  boom  would  be  anchored  in  the  river  be- 
tween the  bridge  and  the  entrance  to  the  canal  to  prevent  boats  from  being 
swept  over  the  dam  in  the  event  headway  speed  were  lost  while  navigating 
this  stretch  of  the  river.  Some  ledge  removal  w'ould  be  required  to  pro- 
vide a channel  6 feet  deep  and  1,  100  feet  long  between  the  canal  and  the 
bridge.  Additional  channel  dredging  would  be  required  within  the  Enfield 
Dam  pool,  all  within  the  2-mile  long  Massachusetts  reach  immediately 
upstream  from  the  Connecticut  line.  Although  the  existing  shoal  areas 
within  the  pool  area  have  been  quite  stable  for  many  decades,  a channel 
alignment  would  be  delineated  to  provide  for  a channel  6 feet  deep  and  100 
feet  wide  in  the  event  that  future  maintenance  dredging  is  required.  Al- 
though a 6-foot  depth  is  generally  available  over  widths  of  300  to  800  feet 
within  the  pool,  delineation  of  a specific  channel  alignment  would  serve 
as  a guideline  to  the  U.  S.  Coast  Guard  for  the  placement  of  navigation 
buoys  and  also  as  a guideline  to  municipalities  and  utility  companies  in 
placement  of  future  underwater  utility  lines. 

12.  Estimates  of  Benefits 

Recreational  boating  activity  between  Hartford  and  Holyoke  has 
decreased  from  pre-World  War  II  levels,  rather  than  increased  as  has 
been  the  national  pattern,  because  of  continuing  navigation  difficulties  and 
river  pollution.  The  principal  navigation  problems  have  been  major  slio.Hs 
between  Hartford  and  the  Windsor  Locks  Canal,  inadequate  depths  at  both 
entrances  to  the  canal,  and  very  low  river  flows  during  summer  weekends 
and  during  intermittent  periods  on  w-eekdays.  The  latter  condition  results 
from  existing  methods  of  impounding  river  flow's  behind  upstream  dams 
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for  peaking  power  purposes.  Although  river  pollution  has  been  a de- 
terrent to  boating  growth,  the  existing  construction  programs  for 
municipal  and  industrial  sewage  treatment  facilities  are  expected  to 

be  operational  prior  to  completion  of  the  proposed  w'aterway  improve-  j 

ments. 

The  substantial  benefits  that  would  be  realized  from  the  proposed 
waterway  improvements  would  accrue  essentially  to  existing  and  pro- 
spective recreational  boats,  although  some  benefits  are  expected  to  ac- 
crue to  other  purposes,  such  as  commercial  navigatioi.,  enhancement 
of  fisheries  and  iand  enhancement.  No  improvements  at  Enfield  Rapids 
for  commercial  navigation  or  hydroelectric  power  generation  are  war- 
ranted for  Federal  development  at  this  time.  Recreational  boating 
benefits  are  considered  50  percent  general  and  50  percent  local  in  scope. 

The  first  costs  of  construction  of  Federal  waterway  projects  are  ap- 
portioned among  interests  in  proportion  to  the  general  and  local  bene- 
fits received.  As  50  percent  of  the  benefits  accruing  to  recreational 
boating  improvements  are  considered  to  be  local  benefits,  local  in- 
terests would  be  required  to  participate  in  one-half  the  first  cost  of  con-  ' 

structing  the  general  waterway  improvements.  Waterway  maintenance 
costs  would  be  borne  by  the  Federal  goveirnment. 

Benefits  for  recreational  boats  are  evaluated  as  the  net  annual 
return  that  boatovvners  would  enjoy,  should  improvement  be  made,  if 

their  boats  were  on  a for-hire  basis.  The  net  benefit  reflects  the  dif-  | 

ference  between  the  return  that  could  be  anticipated  based  on  present  ■ 

restricted  use  of  the  waterway  and  return  that  could  be  anticipated  based  i 

on  increased  use  after  waterway  im.provement.  Evaluations  were  made  i 

of  the  benefits  expected  to  be  realized  by  the  existing  fleet  after  the  pro-  j 

posed  improvement,  as  w'ell  as  those  accruing  to  the  prospective  fleet 

reflecting  both  the  normal  growth  that  could  be  expected  witliout  the  : 

improvement  and  the  accelerated  growth  that  could  be  expected  after  im  - ; 

provement.  ^ 

The  existing  fleet  con.sists  of  appro.ximately  200  recreational  boats. 

About  50  boats  arc  berthed  or  launched  within  Connecticut  waters  and  I 

about  150  boats  are  berthed  or  launched  within  Massachusetts  waters.  \ 

About  4,  500  small  powerboats  are  launched  within  Connecticut  wuiters,  j 

principally  during  the  high  riverflow  period  m May  and  June  when  the 

anadromous  American  shad  makes  its  upstream  migration.  Based  on  i 

a 150-day  season,  this  represents  the  equivalent  of  30  locally  berthed 
boats,  or  about  60  percent  of  the  existing  Connecticut  fleet.  Estimated 

benefits  to  the  existing  Connecticut  fleet  would  amount  to  $3,  000  annually.  ; 
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Nearly  75  percent  of  the  existing  Massachusetts  fleet  consists 
of  berthed  'no. its,  or  about  110  boats.  Most  of  the  cabin  cruisers  move 
downstream  to  the  Connecticut  River  estuary  during  the  high  river  flow 
period  in  May  and  June,  for  the  most  of  the  boating  season,  and  then 
return  upstream  after  fall  rams  have  augmented  the  river  flows  in  Octo- 
ber and  November.  About  6,  000  boats  are  launched  annually  within  Mas- 
sachusetts waters,  representing  the  equivalent  of  about  40  locally  berthed 
boats,  ilstimated  benefits  to  the  e.xisting  Massachusetts  fleet  would  amount 
to  $14,  300  annually. 

Without  the  proposed  waterway  improvements.  It  is  expected  that 
about  500  boats  would  be  added  to  the  Connecticut  fleet  and  about  550 
boats  would  be  added  to  the  Massachusetts  fleet.  Most  of  this  growth 
within  Massachusetts  waters  would  likely  occur  near  existing  facilities 
at  Agawam,  Longmeadow,  Springfield  and  Holyoke.  Most  of  the  gro'x'th 
within  Connecticut  waters  would  likely  occur  at  Hartford  and  East  Hart- 
ford, where  adequate  river  depths  are  available,  with  the  Suffield -Enfield 
reach  along  the  Enfield  Dam  pool  accounting  for  most  of  the  remaining 
growth.  The  net  annual  benefits  resulting  from  this  growth  w'ould  amount 
to  $57,600  for  Connecticut  waters  and  $60,100  for  Massachusetts  waters. 

Following  construction  of  the  proposed  improvements,  it  is  antici- 
pated that  approximately'  5,  300  new  boats  would  be  added  periodically 
to  the  existing  fleet  at  an  accelerated  growth  rate  over  a 50-year  period. 
This  projection  assumes  that  about  5,  100  boats  would  be  based  at  marina 
or  yacht  club  slip  facilities  and  about  30,  000  trailered  boats  w’ould  be 
launched  annually  from  a projected  minimum  of  50  public,  commercial  or 
private  launching  areas.  Based  on  a 150-day  boating  season  (a  somew'hat 
longer  season  than  present),  these  30,  000  trailered  boats  would  repre- 
sent the  equivalent  of  20u  locally  berthed  boats.  The  estimated  annual 
gam  for  these  5,  300  new  boats,  discounted  to  present  worth,  would  amount 
to  $1,  674,900.  This  projection  is  based  upon  accelerated  boating  growth 
during  the  ^0-y'ear  economic  life  of  the  proposed  improvement  producing 
total  annual  gains  of  $1,282,  500  for  2,  600  boats  in  Connecticut  waters 
and  $1,  31  0,200  for  2,  700  boats  m Massachusetts  waters,  which  when 
discounted  to  present  worth,  would  yield  net  annual  gains  of  $828,  500  for 
Connecticut  waters  and  $846,400  for  Ma.''Sachusetts  waters. 

Deducting  the  annual  gain®  of  $57,t'.>'^  'md  $60,  1 '"‘0  i ruing  to  the 
normal  growth  that  conic:  be  exnr  t’-u  wijether  'i  'n-t  :b  pr  pos'-ci  im- 
provements veere  made,  -ts  discussed  two  paragraphs  > ■ -lier,  would 
net  annual  benetits  of  $77u,  000  and  $786,  300  t'lr  the  n<nv  boats  that  ■ ould 
be  expected  to  be  addcti  in  ( dniit n tioit  . lul  Mass.i.  husetts  waters,  re- 
spectively, foilowm,.  I 1. . -C  r iir  t i ■ )U  ' I t 'll  po-ud  i-ng'''  ■vin-nrt.t.s.  In 


addition  to  this  boating  grov^th,  it  is  estimated  that  a minimum  of  45  new 
service  facilities  would  he  developed  in  the  3i-mile  Hartford  to  Holyoke 
reach,  plus  major  expansion  of  the  seven  existing  service  facilities. 

Following  the  availability  ol  thr,>ugh  passage  from  Long  Island 
Sound  upstream  to  Holyoke,  it  is  estimated  that  about  4,  000  transient 
boats  would  be  attracted  to  the  Hartford  to  Holyoke  reach  each  boating 
season.  About  3,  000  of  these  visits  would  likely  be  by  cruisers  and 
houseboats  based  along  the  lower  Connecticut  River  between  Hartford 
and  Long  Island  Sound,  where  the  existing  fleet  of  4,  000  boats  is  expected 
to  increase  to  about  1 5,  000  boats  during  the  next  50  years.  The  other 
1,  000  transient  boats  would  likely  be  based  along  Long  Island  Sound  or 
other  harbors  along  the  North  .Atlantic  coast.  Assuming  that  about  one- 
hald  of  these  4,000  transient  boats  would  make  ov'ernignt  stops  in  the 
Hartford-Holyoke  area,  tnese  viSits  would  amount  to  about  6,  000  boat- 
days  or  the  equivalent  of  about  40  locally  based  boats.  It  is  considered 
that  fO  percent  of  this  transient  activity  would  occur  between  Hartford 
and  the  Massachusetts  line.  .Annual  benefits  from  prospective  transient 
boats  are  estimated  as  $13,  ZOO  in  Connecticut  waters  and  $5,  7 00  in  Mas- 
sachusetts waters. 

T.  he  total  annual  benefits  expected  to  accrue  to  the  proposed  water- 
way improvements  are  estimated  at  $1  , 593,  400. 

1 3.  Estimates  of  Costs 

Ordinary  materials,  consisting  principally  of  sand  and  gravel  with 
minor  pockets  of  rnuO,  would  be  removed  from  the  river  channels  by 
hydraulic  dredging,  with  di.sposal  lu  suitably-diked  onshore  spoil  areas. 
The  river  channels  wouid  be  aredged  to  a depth  of  6 feet  with  side  slopes 
of  I vertical  o..  a horijiontal,  incl  iding  an  allowance  of  1 foot  overdepth 
in  ordinary  material  and  2 feet  in  rock. 

Temporary  cofferdams  would  be  placed  in  the  river  at  the  site  of 
the  proposed  navigation  lock  and  at  both  ends  of  the  canal  area  proposed 
for  improvement  in  r/df-r  to  facilitate  construction  of  the  canal  dam, 
nav.gation  lock,  .iqueduct  modification,  canal  w'idening  and  flood  control 
gate  installation.  During  con  si  r .. /-i , on , the  water  requirements  (as  es- 
taLi'sheri  by  existing  leases)  ol  the  industries  located  along  the  lower 
canal  w .uld  be  mi’  hv  oumpinu  tro'n  th-  r’ver  t ' the  reservoir  area  now' 
available  in  the  KiVer  section  of  li  ' car.ai. 
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Prices  used  in  the  estimates  are  based  on  those  prevailitifi'  in 
the  Hartford  area  in  June  1970.  The  estimated  first  cost  of  the 
proposed  plan  of  improvement  is  $7,  234.  000.  The  apportionment 
of  first  costs  follows: 

F ede  ral 


Corps  of  Engineers  (0. 50  x $7,  200, 000) 
L'.S.  Coast  Guard  (Aids  to  Navigation) 


$ 3,  600.  OC-I 
1 9,  000 

$ 3,  619,  000 


Non -Federal 

$ 3, 600, 000 
14,  9^9 

1_ 

$ 3,  615,  000 

Total  Project  Cost  $ 7,  234,  000 


Local  cash  contribution  (0.  50  x $7,  200,  000) 
Relocation  of  telephone  cables  ($1  5,000)  use 
Acquisition  of  Enfield  Dam  and  upper  sections 
of  Windsor  Locks  Canal 


Estvrriated  annual  costs  for  maintenance  dredging  and  for  operation 
and  maintenance  of  the  canal  structures  would  be  Federal  costs  borne 
by  the  Corps  of  Engineers.  The  installation  and  maintenance  of  navi- 
gation buoys  v/ould  be  Federal  costs  to  be  borne  by  the  Coast  Guard. 


Annual  costs  include  interest  on  the  total  investment  (costs  for 
construction,  engineering  and  design,  supervision  and  administration, 
navigation  aids,  lands  and  relocations  and  interest  for  one-half  a 
construction  period  of  two  year.s),  amortization  over  a 50-year  pro- 
ject life,  and  estimated  costs  for  operation,  maintenance  and 
replacement  items.  Total  annual  costs  amount  to  $624,  100. 


Although  retention  of  the  lower  1.  3 miles  of  the  existine  Windsor 
Locks  Canal  was  found  to  be  impractical  as  part  of  the  proposed  boating 
plan  of  improvement,  efforts  should  be  rriade  to  retain  the  lower  three 
lock  strucbjrcs.  While  State  officials  do  not  believe  that  State  acqui- 
sition (T  the  'hree  lower  locks  would  be  warranted  for  establishment 
of  a .State  historical  park,  becaust  most  of  the  original  hardware 
has  tx  en  replaced,  local  intere.'-is  should  endeavor  to  preserve  the 
lock  masonry  walls  in  view  of  the  historical  significance  of  the  canal 
system  f.>  the  community  of  VV'indsor  Lorks. 


B.  COMMERCLA.L  NAVIGATION  1 

1.  Bridges  | 

i 

There  are  16  highway  and  railroad  bridges  crossing  the  j 

Connecticut  Riv'er  between  Hartford  and  Holyoke.  Twelve  are 
highv,ay  bridges  and  four  are  railroad  bridges. 

terminal  and  Transfer  Facilities.  : 


Above  Hartford  there  are  erminal  or  transfer  facili„es. 

The  Springfield  Yacht  and  Canoe  Club  is  located  on  the  west  bank 
of  the  river  in  Agawam.  There  are  two  or  three  small  boat  yards 
in  this  section  of  the  river  which  have  storage  and  repair  facilities. 
There  are  numerous  overland  trucking  concerns  operating  in  the 
valley.  Many  of  these  have  terminals  in  the  larger  cities  along 
the  river.  There  is  a 6-inch  pipeline  used  for  transporting  gaso- 
line, kerosene  and  light  fuel  oil  from  Providence,  Rhode  Island  to 
Springfield,  Massachusetts  and  a 12-incn  line  from  New  Haven, 
Connecticut  to  Springfield. 

3.  Existing  and  Prospective  Commerce, 

There  is  no  commerce  reported  on  the  river  above  Hartford. 
Petroleum  products  and  coal  are  delivered  by  tank  truck  and  rail- 
road cars  from  other  areas,  or  by  the  aforementioned  pipelines 
from  Providence  and  New  Haven.  It  is  anticipated  that  even  \^nth 
improvement  of  the  river  channel  above  Hartford  the  highly  de- 
veloped railroad  and  highway  systems  would  continue  to  be  used 
to  carry  the  commodities  required  in  the  area.  Such  additional 
traffic  as  might  use  the  river  would  result  from  an  increase  in 
the  overall  requirements  of  the  tributary  area  for  petroleum 
products  which  could  probably  be  carried  on  the  river.  The  growth 
of  petroleum  commerce  carried  on  the  river  below  Hartford  is 
considered  to  provide  a reasonable  basis  for  estimating  future 
commerce  in  the  reach  above  Hartford.  All  of  the  bituminous 
coal  now  received  in  Springfi«Td  is  delivered  to  a steam-electric 
power  plant  by  railroad. 

Gasoline,  light  fuel  oil  and  kerosene  are  the  chief  bulk 
products  received  in  the  Springfield  area.  About  20  percent  of 
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the  motor  vehicles  registered  in  Massachusetts  are  garaged  in 
the  tributary  area.  The  average  amount  of  gasoline  consumed 
in  this  area  amounts  to  about  1,  1 50,000  tons  per  year.  It  is 
anticipated  that  an  increase  in  consumption  of  50  percent  may  be 
expected  in  the  next  few  years,  for  a total  requirement  of 
1,700,000  tons  per  year.  Light  fuel  oils  and  kerosene  consumed 
for  domestic  heating  would  bear  the  ratio  to  the  total  amount  used 
in  the  state.  The  population  of  the  tributary  area  in  1965  was  ZO 
percent  of  that  of  the  state.  The  average  amount  of  oil  and  kero- 
sene used  annually  in  Massachusetts  is  1 19,700,000  barrels.  On 
the  basis  of  the  population,  this  amounts  to  3,Z45,000  tons  annual- 
ly in  the  Springfield  area.  Due  to  increased  demand  resulting  from 
the  increased  popularity  of  oils  as  a fuel  for  household  heating  and 
from  increase  in  population,  it  is  anticipated  that  an  increase  in 
consumption  of  70  percent  may  be  expected  in  the  next  few  years, 
or  a total  requirement  for  light  fuel  oils  and  kerosene  of  5,  550,000 
tons  per  year. 

Various  oil  companies  operate  bulk  storage  plants  in  the 
Connecticut  River  Valley  of  Massachusetts,  particularly  in  the 
Springfield  and  Greenfield  areas.  One  of  the  bulk  plants  at  Spring- 
field  is  supplied  by  the  6-inch  pipeline  from  Providence.  This 
uipt  line  also  supplies  the  company's  bulk  plants  at  Hartford,  Connec- 
ticut and  Worcester,  Massachusetts.  The  two  last  name  sites  are 
outside  the  tributary  area  being  considered.  Based  on  the  estimated 
capacitv  of  the  pipeline  and  on  the  assumption  that  one -third  of  the 
total  quantity  of  petroleun'i  products  entering  the  line  at  Providence 
IS  delivered  at  Springfield,  the  total  amount  of  such  products  thus 
reaching  .Springfield  would  be  about  193,000  tons  annually.  .About 
Z/3  of  this  quantity  is  gasoline  with  the  balance  being  divided  an- 
nually between  light  fuel  oils  and  kerosene.  The  IZ-inch  pipeline 
from  New  Haven  serv'cs  about  ZO  customers  at  Hartford  and  Spring- 
field.  Owners  of  the  line  report  that  about  70  percent  of  the 
6,000,000  barrels  carried  by  tlie  line  are  routed  to  SpringfieTd. 

The  line  terminates  at  Ludlow,  Massachusetts  uhcre  an  8-inch 
diameter  line  connects  to  Westover  Air  Force  Base,  supplying  jet 
fuel.  Other  than  for  supplies  carried  by  the  pipelines,  the  Spring- 
field  area  is  served  b\  tank  trucks  operating  trom  terminals  in 
Fast  Hartford,  Connecticut.  The  bulk,  terminals  at  Greenfield  are 
generally  supplied  by  truck  from  the  Worcester  area  whicli  in  turn 
IS  supjilied  from  the  Boston  anil  Fail  Kiver-providence  are.i. 


Of  the  anticipated  future  requirements  of  7,  ^dOO.OOO  tons 
per  year  for  petroleum  products,  the  airiount  carried  bv  tlie 
pipelines  would  remain  unchanged,  that  is  763,000  tons  per 
year;  and  one  half  of  the  amount  now  trucked  from  Hartford, 

1.800.000  tons  could  be  carried  by  barge  provided  sufficient 
storage  is  available.  Also,  one-half  of  the  anticipated  increase 
to  meet  the  requirements  of  increased  population  in  the  Spring- 
field  area  could  be  barged.  Thus  it  is  considered  that  barae 
receipts  of  petroleum  products  in  the  Springfield- Holyoke  area 
of  3,  Z20,  000  tons  annually  might  reasonably  be  expected  in  the 
future  should  the  river  channel  be  deepened. 

Western  Massachusetts  Electric  Comipany  operates  a steam 
plant  located  at  West  Springfield  containing  three  units  totalling 

208.000  kilowatts  capacity.  There  is  also  an  electric  plant  at 
Mt.  Tom.  of  150,000  kilow'att  capacity.  Both  of  these  plants  are 
being  converted  to  use  of  oil.  Operation  of  these  plants  wdll  re- 
quire 545,000  tons  of  residual  fuel  oil  per  year.  Due  to  the 
proximity  of  the  plants  to  the  river  and  the  possibility  of  favorable 
w'ater  transportation  rates,  it  is  considered  that  the  requirem.ents 
of  these  plants  sliould  be  included  in  the  requirements  of  the  area. 
Company  officials  have  recently  stated  that  they  plan  no  additional 
output  in  the  near  future. 

4.  Considered  Plan  of  Improvement.  Consideration  was  given 
to  dredging  a channei  in  the  Connecticut  River  from  Hartford  to 
Wundsor  Locks  generally  100  feet  w'ide  and  12  feet  deep  increased 
to  13  feet  deep  in  ledge  areas  at  a river  stage  corresponding  to  2.0 
feet  at  Hartford.  In  order  to  navigate  through  the  Enfield  Rapids  it 
would  be  nec.essarv  to  construct  a dam.  dow-nstream  of  the  rapids  op- 
posite W'inds.ir  Locks  with  a crest  elev'ation  at  t.he  spillway  equal  to 
the  crest  of  the  existing  dam  above  the  rapids  at  Enfield.  The  dam 
would  create  a pool  extendmg  upstreani  about  20  miles  to  Holyoke. 
Additional  dredging  w'ouid  be  required  in  the  river  at  the  upper  por- 
tion of  the  pool  to  obtain  a 12-font  deep  channel  100  feet  wide  at 
summer  low  water  stages.  For  passage  through  the  dam  it  would  be 
necessary  'o  cnpstruct  a lock  of  sufficient  dimensions  to  accomm.odate 
barge  tratfic  consisting  of  3.000  Ion  capacity  barges  and  2 lishways 
for  passage  of  shad  and  other  fi.sti.  The  crest  of  the  dam  considered 
was  limited  to  elevation  38.9  feet  mean  sea  level  tor  two  reasons. 
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One  reason,  presented  by  Federal  and  State  fishery  bioloj^ists, 
was  that  any  higher  dam  at  Enfield  would  cause  severe  loss  to 
the  shad  fishery.  Also,  it  was  thought  that  provision  of  a nigher 
dam  at  Enfield  Rapids  'vould  require  extensive  mLodification  of 
the  recommended  recreational  navigation  plan  of  improvement, 
so  that  significant  loss  of  boating  benefits  did  not  occur.  Finally, 

It  would  inundate  mucli  of  the  area  recommended  in  the  National 
Recreation  Area  Plan  for  preservation  of  the  Windsor  Locks  Canal 
and  Kings  Island. 

This  plan  would  provide  the  depths  required  to  navigate 
petroleum  barges  upstream  to  the  Springfield-Holyoke  area. 

Barges  larger  than  3,  000  ton  capacity  are  more  economical  to 
operate  but  the  added  depth  required  to  obtain  a sufficient  channel 
and  added  bridge  modifications  would  preclude  their  use.  The  upper 
limit  of  river  stages  for  safe  navigation  is  determined  by  a flow  of 
66,  500  cubic  feet  per  second  at  Hartford.  This  represents  a river 
profile  level  of  43.  8 feet  or  4.  5 feet  above  the  spillway  crest  up- 
stream of  the  dam.  On  this  basis  8 bridges  would  have  to  be  modi- 
fied to  obtain  adequate  vertical  clearances.  There  are  13  submarine 
cables  and  pipelines  carrying  telephone  and  gas  across  the  river  in 
the  reach  between  Enfieid  and  Holyoke  which  would  have  to  be  re- 
located to  provide  a IZ-foot  deep  commercial  navigation  channel. 

In  addition  to  the  utility  crossings,  :iumerous  sewer  outfalls  extend 
into  the  river  from  the  banks  and  terminate  in  depths  not  greater  than 
10  feet  at  mean  low  water.  It  is  believed  that  these  outfalis  would 
not  i.nterfere  with  the  improvement  being  considered.  Terminal 
facilities  would  have  to  be  constructed  by  local  interests  to  provide 
storage  areas  and  piers  at  various  locations. 

The  summary  of  the  cost  of  construction  which  follows,  in- 
cludes the  cost  of  providing  spoil  areas  for  a small  amount  of 
dredged  material.  I'he  remainder  would  liave  to  be  transported 
to  approved  offshore  sites  for  disposal.  The  estimate  also  includes 
other  items  required  to  provide  for  a commercial  navigation  channel. 
The  estiinate  is  based  on  1970  price  levels  and  is  prelimi.nary  in 
nature. 
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Item 


Amount 


r 


Channel  dredging  (incl.  rock) 
Dam,  w'eir  type  structure 
Commercial  lock 
2 fishways 

Tank  storage  800,000  bbl. 
Piers 

Bridge  alterations 
Real  estate 
Moorings  at  lock 
Utility  relocations 

$56. 000, 000 

7. 500. 000 
10, 200, 000 

4. 000.  000 

6. 500. 000 

1 . 000.  000 
5,  000,  000 
1, 000, 000 
1. 000,000 
1. 000, 000 

Sub  - T otal 

$93, 200, 000 

Contingencies 
Engineering  & Design 
Supervision  8.-  Administration 

18, 600, 000 
4, 400, 000 
5, 000, 000 

Total  Construction  Cost 

$121 , 200,000 

Aids  to  Navigation 

800, 000 

Total  Project  Cost 

$122, 000, 000 

Annv;al  charce=  for  the  considered 

Ttavigation  improvement 

have  been  ccmpuled  on  the  basis  of  a 50-year  project  life  with  an 
interest  rate  of  4-7/8  percent.  Maintenance  costs  include  the  cost 
of  maintaining  a channel  at  the  12-foot  depth  and  repairs  to  and 
cost  ot  operatine  the  lock  and  other  appurtenant  works.  Total 
estimated  an:.u  •-!  charges  amount  to  $7,  350,  000. 

5.  Benefits  from  commercial  navigation  impr ov’ement  above 
Hartfurff. 

The  benefits  to  be  reali.^.ed  from  dredging  the  Connecticut  Riv^r 
fo"  comm>  -i  iai  r.a vig  iticu.  would  result  in  lower  transportation  costs 
on  i,o:nmodit’.'  - a-. o h mav  he  e.irried  by  water  at  lower  rates  than 
oy  land  *r  insp  rt  <ii  \ ;*•=  II  i-se  benefits  would  accrue  to  the 

protluc'Ts  -Ji  I I vuoi.tie,  tr.!  r.sp'.rt  ■.  tion  companies,  and  consumers 
in  the  V ; \ . 
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In  order  to  develop  the  savings;  which  might  properly  be 
credited  to  improvement  for  commercial  navigation,  certain 
bulk  commodities  liave  been  selected  which  are  being  transported 
into  the  territory  by  truck  and  might  be  expected  to  be  transported 
or.  the  river  by  barge.  Comparisons  have  been  made  of  the  present 
transportation  costs  (by  the  means  now  employed)  and  of  the  costs 
estimated  for  water  tr.msportation.  The  commodities  are  gasoline, 
kerosene,  light  fuel  oil  and  coal.  A direct  comparison  between 
transportation  rates  is  possible  since  the  commodities  involved 
would  b<‘  shipped  from  the  same  points  by  each  transportation 
system  considered. 

For  comparative  purposes  in  determining  savings,  it  is  as- 
sumed that  the  existing  pipelines  will  continue  to  supply  gasoline 
and  luel  oils  to  the  area  at  the  present  rate.  Thus  655,  000  tons  of 
gasoline  are  delivered  to  Springfield  by  truck  for  redistribution 
within  the  tributary  area  and  2,948,000  tons  of  fuel  oil  and  kerosene 
are  delivered  by  truck.  At  present  gasoline  is  barged  from  New 
York  to  East  Hartford  and  then  trucked  to  Springfield.  It  is  con- 
sidered that  direct  barge  shipments  to  Springfield  would  result  in 
a sav'ings  of  approximately  $1.45  per  ton.  It  is  assumed  that  one 
half  of  the  gasoline  delivered  to  Springfield  by  truck  would  be 
carried  by  barge,  thus  the  annual  savings  would  amount  to  327,  500 
ton  X $1. 45/ton  = $475,  000.  The  anticipated  increase  in  gasoline 
consumption  in  the  area  for  the  next  20  years  which  would  be  trucked 
is  expected  to  reach  600,  000  tons  annually.  Assuming  that  one  half 
of  this  quantity  would  be  delivered  by  barge  the  annual  savings  amount 
to  300,000  X $1.45  X 0.626  = $272,000. 

For  a comparative  cost  of  savings  for  transporting  luel  oil  and 
kerosene,  it  is  assumed  that  one  half  of  the  products  would  be 
shipped  directly  to  Springfield  by  barge.  Barge  shipments  would 
amount  to  1,47  5,000  tons  annually.  At  present  these  petroleum 
products  ire  barged  to  Hartford  or  New  Haven  from  New  York  and 
then  trucked  to  Springfield.  Delivery  by  barge  directly  to  the 
Springfield  area  would  result  in  a savings  of  $1.  50  per  ton.  The 
annual  savings  are  computed  to  be  1,47  5,000  x $l.->0  $2,210,000. 

The  ini-i'ease  in  fuel  consumption  over  the  next  20  years  is  expected 
to  reach  5,  520,000  tons  annually  half  of  which  would  be  delivered 
by  t>aige.  'Ihereiort?,  expected  savings  would  amount  to  I,  140,000 
X 1.  50  X 0. o26  = $1 , 070, 000. 
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Using  the  same  basis  of  reasoning  that  half  of  the  fuel 
requirements  of  the  two  electric  plants  would  be  furnished  by 
barge  at  a savings  of  $1.  50  per  ton  the  expected  savings  would 
amount  to  272,500  tons  x $1.50  =$408,750.  Thus,  total  annual 
savings  estimated  to  accrue  as  a result  of  providing  a 12-foot 
channel  to  Holyoke  amount  to  $4,  q 35,  750. 

6.  Summary  and  conclusions 

Because  of  the  height  restriction  on  the  crest  of  a dam  at 
Enfield  Rapids  a total  volume  of  over  b,  000,  000  cubic  yards  of 
rock  and  earth  would  have  to  be  removed  to  provide  access  to 
the  Springfield  waterfront  for  petroleum  barges.  A 3,000-ton 
oarge  draws  13  feet  of  water  fully  loaded  and  would  be  unable  to 
navigate  the  12-foot  channel  at  low  water.  About  one-half  of  the 
load  would  have  to  be  removed  at  Hartford  before  proceeding  up- 
stream. The  cost  of  a deeper  channel  to  accommodate  fully 
loaded  barges  would  be  too  great  to  warrant  consideration.  Bene- 
fit analysis  indicates  that  water  transportation  would  be  a cheaper 
method  of  delivery  but  all  existing  terminals  are  located  well 
away  from  the  river.  The  possibility  of  using  pipelines  from  the 
river  to  the  terminals  and  carrying  all  of  the  petroleum  by  barge 
was  considered  but  access  through  the  highly  industrialized  and 
residential  areas  to  reach  the  existing  terminals  appears  remote 
due  to  high  real  estate  acquisition  costs.  To  take  advantage  of 
low  rates,  petroleum  and  electric  companies  could  elect  to  con- 
struct terminals  along  the  river  but  here  again  use  of  the  existing 
waterfront  by  other  commercial  enterprises  and  the  proximity 
of  maiidine  railroad  tracks  precludes  the  use  of  much  of  the  area 
as  a potential  site  for  petroleum  terminals.  Therefore,  it  is  con- 
t luded  that  the  present  method  of  delivery  appears  to  be  the  most 
economical  means  for  obtaining  petroleum  products  at  the  present 
time. 
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NAVIGATION  IMPROVEMENTS  ABOVE  HOLYOKE 


A . RECP  EATIONAL  BOAT  INC 

^ • Tributary  Area 

The  river  above  Holyoke,  as  shown  by  Plates  L- 1 3 and  L-14, 

IS  characterized  by  six  major  power  pools,  six  smaller  power  pools, 
tw'o  lonn  Iree-tiowing  river  sections,  ten  short  free-flowing  river 
sections  and  four  storage  reservoirs  in  the  headwater  area.  TTie 
area  bordering  the  river  above  Holyoke  is  principally  agricultural 
except  for  forested  areas  near  Hartland,  Vermont  and  the  headwaters 
at  Pittsburg,  New  Hampshire,  and  for  urban  areas  in  the  vicinity 
of  Holyoke,  Northampton,  Greenfield  and  Montague,  Massachusetts, 
and  Brattleboro,  Rellow^s  Falls,  Windsor  and  White  River  .Junction, 
Vermont.  Evidence  of  urban  development  along  the  river  is  shown 
by  occasional  glimpses  of  villages  located  away  from  the  river,  by 
dams  and  bridges  across  the  river,  by  several  municipal  dumps 
and  by  occasional  industrial  areas,  principally  paper  mills  located 
next  to  the  river. 

2 . Prior  Reports 

Records  on  the  early  development  of  navigation  on  the  river, 
as  far  upstream  as  Wells  River,  Vermont  (R.  M.  266),  are  av'ailable 
at  archive  collections  at  Yale  University,  Dartmouth  College  and 
the  four  .State  capitols  at  Hartford,  Boston,  Concord  and  Montpelier, 
in  addition  to  municipal  records  at  Springfield  (Massachusetts), 

Bellows  Fails  and  Orford  (New  Hampshire).  The  latter  area  (R.M. 

238)  was  the  site  of  the  invention  and  operation  of  a small  steamboat 
by  Samuel  and  Israel  Morey  in  1792-93,  several  years  before  the  more 
popularized  work  by  Robert  Fulton  in  New  York.  Local  surveys  of 
the  riviT  wc're  made  betw'eer  1790  and  1820  by  private  cievelopers 
of  canal  systems  at  South  Hadley  Falls  (R.M.  87)  and  Turners  falls 
(R.M.  1221,  Mcissachusetts  and  at  Bellow's  Falls  'R,  M.  217),  Vermont. 
The  history  of  these  canal  systems  is  discussed  in  Part  II  ct  this 
appendix  and  ,n  .Ayipendix  O. 

R e conna  1 s san c«'  surveys  of  tiossthle  Fc'deral  canal  routes  along 
the  White  and  f'assumpsic  Rivers  in  '''erinont  and  along  the  Sugar 
River,  Oliverian  fl  rook  and  the  .Ammonoosuc  River  in  New  Haninshire, 
as  repi  rted  in  'he  1828  .^nnual  Report  of  the  Chic!  of  Engineers,  were 


1 


made  for  the  purpose  of  linking  the  Connecticut  River  with  Lakes 
Champlain  and  Memphremagog  to  the  westward  and  the  Merrimack, 
Pemigewasset  and  Androscoggin  Rivers  to  the  eastward.  A pre- 
liminary State  report,  published  in  1913  as  Massachusetts  House 
DocuiTient  Number  344,  was  made  of  the  m.ain  stem  between  Holyoke 
and  the  New  Hampshire- Vermont  line.  No  navigation  improvements 
resulted  from  either  of  these  reports.  .411  of  the  priv'ate  canal 
systems  were  abandoned  for  navigation  bv  1854,  with  only  a few 
remnants  of  the  canal  works  being  visible  today. 

Existing  Facilities 

With  the  e-Kception  of  a few  private  docks  along  natural  pools 
in  the  free-flowing  reaches  upstream  from  Holyoke,  all  of  the  existing 
facilities  are  located  along  the  seven  power  company  pools  between 
Holyoke  Reservoir  {R.M.  87)  and  Moore  Reservoir  near  Littleton, 

New  Hampshire  (R.M.  <195)  and  the  four  large  artificial  lakes  in 
Pittsburg,  New  Hampshire  (R.M.  380  to  R.M.  405)  that  were 
developed  for  seasonal  storage  of  floodwaters  and  for  low  flow  aug- 
mentation. Moving  in  upstream  order,  there  are  four  marinas  and 
two  boat  clubs  along  Holyoke  Reservoir.  In  addition  to  nearly  fifty 
private  docks,  there  are  two  public  launching  areas,  four  com- 
mercial launching  areas  and  two  private  launching  areas.  Along 
the  next  pool.  Turners  Falls  Reservoir  in  northern  Massachusetts, 
there  is  a boat  club  marina  and  commercial  launching  area,  a 
State  launching  area,  a gun  club  dock  and  private  launching  area, 
and  about  twenty  private  docks. 

I.n  the  middle  basin,  along  Vernon  Reservoir,  there  are  four 
public  launching  areas,  a marina  and  boat  livery  facility,  a boat 
repair  facility  a.nd  about  thirty  private  docks.  Along  the  ne.xt  pool. 
Bellows  Falls  Reservoir,  there  are  three  boat  clubs,  a commercial 
marina  and  launching  area,  five  public  launching  areas,  two  public 
docks,  two  private  launching  areas  and  about  ten  private  docks. 

In  the  upper  hasin,  along  Wilder  Reservoir,  there  are  two  pub- 
lic launching  areas,  a marina  and  boat  livery,  a canoe  club  and 
canoe  livery,  a boat  club  and  private  launching  area,  a marine  ser- 
vice facility  and  about  ten  private  docks.  In  the  Littleton  area,  there 
are  two  public  launrhing  areas  along  Comerford  Reservoir  and  foui- 
publii-  launching  areas  and  docks  along  Moore  R«  servoir.  In  the 
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Pittsburg  area,  there  is  a single  public  launching  facility  along 
Lake  Francis  and  single  facilities  at  each  of  the  First,  Second 
and  Third  Connecticut  l^akea.  There  is  also  a marina  and  boat 
livery  facility  along  the  First  Connecticut  l,Ake. 

4.  Navigation  Difficulties 

The  principal  hazards  to  navigation  in  the  six  major  power  pools 
that  are  used  for  boating  (Holyoke.  Turners  Falls,  Vernon,  Bellows 
Fails,  Wilder  and  Moore  R.eservoirs)  occur  within  the  Holyoke  and 
Turners  Falls  Reservoirs.  Isolated  rock  pinnacles  and  sandbars 
are  the  main  navigation  difficulties.  These  hazards  are  particularly 
troublesome  during  the  latter  half  of  the  week  (Thursdays  through 
Saturdays)  when  the  pool  levels  have  dropped  several  feet  because  of 
daily  flow  releases  for  power  generation.  Substantial  recovery  of 
the  pool  levels  occurs  on  Sundays,  so  that  the  best  water  depths 
usually  are  experienced  during  the  first  part  of  the  week.  During 
the  latter  half  of  the  week  most  of  recreational  fleet  based  at  the 
Hoi  oke  Reservoir  is  restricted  to  a 4-mile  reach  between  major 
shoals  opposite  Skinner  State  F^ark  in  Hadley  and  rock  pinnacles  in 
the  narrows  opposite  Smiths  Ferry  in  northern  Holyoke.  During  the 
first  part  of  the  week  most  of  the  fleet  can  use  the  entire  14-mile 
reach  between  Holyoke  Dam  and  Hatfield.  At  nearly  full  pool  somie 
of  the  smaller  boats  can  select  a course  through  the  shoals  that 
extend  about  10  miles  upstream  from  Hatfield  to  the  vicinity  of 
Sunderland  Bridge  (Route  1 l6).  Passage  by  small  boats  in  the  10- 
mile  free-flowing  reach  between  Sunderland  Bridge  and  the  mouth  of 
the  Deerfield  River  at  Greenfield  requires  a substointial  discharge 
from  Cabot  Station  to  provide  a minimum  river  flow  of  2,  500  cfs  at 
the  mouth  of  the  Deerfield. 

The  main  hazards  in  the  Turners  Falls  Reservoirs  are  rock 
pinnacles  in  the  ! -mile  reach  centering  on  French  King  Bridgt'  (Route 
2)  and  shoals  near  Bennett  Meadow  Bridge  (Route  10)  and  near  the 
mouth  of  the  Ashuelot  River.  Oi  casional  deadheads  (submerged, 
uprooted  trees  earned  by  flood  flows  to  shoal  areas  within  all  of 
•he  power  pools)  are  significant  hazards  in  all  of  the  reservoirs. 
Usually  the  deadheads  are  not  visible  above  the  water  surface.  Some 
of  tliese  hazards  are  marked  each  year  by  ihe  local  boat  clubs. 


5.  Vessel  Traffic 


The  existing  fleet  at  Holyoke  Reservoir  consists  of  about  500 
boats  berthed  at  marinas  or  private  docks.  On  a weekend  day,  an 
additional  500  trailer-based  boats  frequently  enjoy  the  scenic  back- 
drop afforded  by  the  Holyoke  Range.  Without  improvements,  this 
boating  activity  would  likely  increase  50%  by  the  year  2000  and  double  by 
the  year  2020.  With  improvements,  this  activity  could  reasonably  be 
expected  to  increase  to  about  Z,  500  boats  by  the  year  2000  and  to 
about  4,  000  boats  by  the  year  2020. 

The  existing  fleet  at  Turners  Falls  Reservoir  consists  of  nearly 
ZOO  berthed  boats.  On  a weekend  day,  an  additional  100  trailer- 
based  boats  enjoy  the  impressive  French  King  Gorge.  This  boating 
activity  is  expected  to  triple  by  the  year  ZOOO  and  quadruple  by  the 
year  2020,  principally  because  of  the  increase  in  water  depths  that 
will  result  from  the  Northfield  Mountain  Pumped  Storage  Project, 
which  entails  raising  the  reservoir  operating  level  in  Turners  Falls 
Reservoir  by  5.4  feet. 

The  existing  fleets  in  the  Vernon,  Bellows  Falls  and  Wilder 
Reservoirs  number  about  60,  1 20  and  30  powerboats,  respectively. 

On  a peak  weekend  day,  the  trailer-based  activity  numbers  about 
1 00,250  and  300  boats,  respectively.  The  Wilder  Reservoir  also 
receives  use  by  30  to  40  canoes  based  or  leased  by  the  Ledyard 
Canoe  Club.  There  is  no  permanent  fleet  at  Moore  Reservoir,  but 
on  a peak  weekend  day  about  100  trailer -based  boats  enjoy  this 
reservoir  area,  which  has  no  developed  shorefront.  Natural  growth 
in  the  four  major  storage  pools  along  the  New  Hampshire- Vermont 
border  is  expected  to  triple  by  the  year  2000  and  quadruple  by  the 
year  2020. 

6.  Plan  Formulation 

With  the  exception  of  the  Holyoke  Reservoir,  it  is  estimated  that 
most  of  the  1 9S0  demand  for  additional  boating  area  could  be  met 
by  marina  development,  navigation  aids  and  provision  of  additional 
public  access  areas.  Long-term  demands  would  likely  require  re- 
moval of  shoals  in  the  shallow  upper  sections  of  each  reservoir, 
particularly  when  the  reservoirs  are  drawn  down  for  power  gener- 
ation purposes.  As  the  local  fleets  increase  in  size  toward  the  end 
of  the  century,  it  is  anticipated  that  there  will  be  increasing  demand 
for  consideration  of  byjiass  measures  at  some  of  '.he  dam.s.  In  view 
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of  long-standing  interest  in  opening  up  the  full  length  of  the  mam 
river  in  Massachusetts,  it  is  anticipated  that  the  Commonwealth 
of  Massachusetts  will  request  Federal  consideration  of  channel 
improvements  between  Holyoke  Dam  and  the  New  Hampshire  line. 

On  the  basis  of  reconnaissance  fathometer  surveys  made  as  part 
of  this  comprehensive  study,  several  channel  improvement  plans 
were  considered  for  the  Holyoke  - Greenfi  eld  reach.  Prospective 
improvements  between  Holyoke  Dam  and  Hatfield  are  discussed  in 
the  next  paragraph.  Channel  improvements  between  Hatfield  and 
Greenfield  were  found  not  to  be  feasible  at  this  time  because  of 
extensive  shoal  areas  and  insufficient  flows  during  summer  weekends 
in  the  free-flowing  reach  between  Sunderland  and  Greenfield  when 
river  flows  are  impounded  by  upstream  power  stations  for  peaking 
power  pondage.  Future  consideration  could  be  given  to  improve- 
ments in  the  vicinity  of  Greenfield  as  boating  activity  increases  in 
the  Holyoke  Reservoir. 

7 . Plan  of  Improvement 

It  was  determined  that  1980  boating  needs  in  the  Holyoke  Reser- 
voir area  could  be  met  by  selective  dredging  of  shoals  and  removal 
of  rock  pinnacles  to  provide  a channel  6 feet  deep  and  100  feet  wide 
as  needed  in  the  14-mile  reach  between  Holyoke  Dam  and  the 
Northampton-Hatfield  line.  The  channel  improvement  would  benefit 
all  existing  boating  facilities  along  the  reservoir  in  addition  to  the 
proposed  Mount  Holyoke  National  Recreational  Area  Unit  and  the 
proposed  Mount  Tom  State  Park  Unit,  which  were  recommend^“d  for 
establishment  as  part  of  the  1 968  Connecticut  River  National  Recrea- 
tion Area  Study  report  by  the  Bureau  of  Outdoor  Recreation  Based 
on  preliminary  field  investigations,  it  is  estimated  that  ZOO,  000  cubic 
yards  of  ordinary  riverbed  materials  and  5,  000  cubic  yards  of  ledge 
rock  would  have  to  be  excavated,  at  an  estimated  cost  of  $1,  000,  000 
exclusive  of  spoil  area  costs.  .Annual  charges  would  amount  to 
$101,000,  including  interest  and  amorti  zation  on  the  first  costs  of 
construction  and  annual  costs  for  maintenance  dredging  and  for  main- 
tenance of  navigation  aids  over  a 50-year  project  life. 

Without  the  proposed  channel  improvement,  it  is  expected  that 
normal  growth  over  a 50-year  period  would  result  in  500  boats  being 
added  to  the  existing  fleet  and  300  additional  trailer-based  boats  being 
launched  on  a weekend  day.  The  estimated  annual  benefits  accruing 
to  these  craft,  discounted  to  present  worth  over  a 50-year  period, 
would  amount  to  $16,000  and  $5,000,  respectively.  Following  chan- 
nel improvement,  increased  activity  to  the  existing  berthed  fleet  of 
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500  boats  and  to  the  trailer -based  fleet  of  500  boats  would  result 
in  annual  benefits  of  $48,  000  and  $Z7,  000,  respectively.  Also  the 
channel  improvement  would  result  in  an  additional  1,000  boats  being 
added  to  the  existing  fleet  and  an  additional  500  trailer-based  boats 
being  launched  on  a weekend  day.  Annual  benefits  to  these  boats, 
discounted  to  present  worth,  are  estimated  at  $98,  000  and  $9,  000, 
respectively.  Total  benefits  would  amount  to  $203,  000. 

8.  Long-Range  Improvements 

As  boating  activity  continues  to  increase  on  the  main  river  be- 
tween Hartford  and  Holyoke  and  within  the  Holyoke  Reservoir,  it  is 
anticipated  that  boating  pressures  will  generate  increased  interest 
in  consideration  of  canal  and  lock  bypass  measures  around  the 
existing  Holyoke  Dam  (R.  M.  87).  Field  reconnaissance  suggests 
that  the  optimum  improvement  would  likely  entail  excavation  of  a 
channel  along  the  eastern  side  of  the  Willimansett  Rapids  (between 
Willimansett  Bridge  and  South  Hadley  Falls  Bridge)  and  enlarge- 
ment of  the  former  navigation  canal  around  the  eastern  end  of  Holy- 
oke Dam.  Canal  design,  including  design  of  one  or  two  navigation 
locks  providing  a total  lift  of  over  60  feet,  would  be  contingent  upon 
the  future  status  of  two  industrial  buildings  located  adjacent  to  the 
head  of  the  former  canal.  Remnants  of  the  old  navigation  canal  are 
shown  in  the  foreground  of  Figure  L-3,  an  aerial  photograph  of 
Holyoke  Dam.  A wing  of  an  industrial  building  (see  left  foreground 
of  photograph)  and  two  low  bridges  would  need  to  be  relocated  to 
permit  reconstruction  of  the  former  canal  for  recreational  boating 
use.  The  three-level  system  of  process  water  canals  along  the 
Holyoke  side  of  the  river  presently  does  not  offer  reasonable  pros- 
pects for  use  as  a navigation  canal  bypass  around  Holyoke  Dam. 

Figure  L-4,  a photograph  of  the  Willimansett  Rapids  looking 
upstream  from  the  Boston  and  Maine  railroad  bridge,  shows  the 
near  drought  conditions  that  exist  during  summer  weekends  when 
river  flows  are  impounded  behind  Holyoke  Dam  and  other  upstream 
power  dams.  Similar  "weekend  drought"  conditions  now  exist 
during  the  summer  and  early  autumn  months  at  Deerfield  and  Green- 
field, Massachusetts  below  Turners  Falls  Dam;  at  Hinsdale,  New 
Hampshire  below  Vernon  Dam;  at  Walpole,  New  Hampshire  below 
Bellows  Falls  Dam;  and  at  Windsor,  Hartland  and  White  River 
Junction,  Vermont  below  Wilder  Dam.  These  locations  are  shov^n 
on  Plates  L-12  and  L-13.  Significant  improvement  of  river  flow 
conditions  is  expected  to  result  at  all  locations,  except  to  a lesser 
degree  at  Willimansett  Rapids  from  reregulation  of  flow  releases 
from  Wilder,  Bellows  Falls,  Vernon  and  Turners  Falls  Dams,  which 
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are  scheduled  for  relicensiug  in  July  1970  by  the  Federal  Power 
Commission.  The  Coordinating  Committee  of  the  Connecticut  River 
Comprehensive  River  Basin  Investigations  has  submitted  a position 
paper  to  the  Federal  Power  Commission  recommending  that  each 
of  these  lour  power  dams  be  required  to  release  a minimum  flow 
equivalent  to  0.  ZO  csm  (cubic  feet  per  second/ per  square  mile  of 
drainage  area).  Such  flow  would  correspond  closely  with  the  natural 
flow  that  could  have  been  expected  had  construction  of  the  power  dams 
and  associated  reservoirs  not  taken  place.  Other  minimum  flow 
recommendations  by  F'ederal  and  State  agencies  were  significantly 
larger,  varying  frorri  0.  Z5  to  0.  35  csm. 

The  availability  of  dependable  minimum  flows  during  weekends 
and  other  low  flow  periods  during  the  boating  season  would  permit 
greater  boating  activity  on  the  river.  This  would  encourage  develop- 
ment of  both  public  and  private  boating  facilities  and  increased  in- 
terest by  state  and  municipal  officials  in  eliminating  other  navigation 
difficulties.  With  the  availability  of  dependable  minimum  flows,  it 
is  anticipated  that  channel  improvements  between  Hatfield  and  Green- 
field, Massachusetts  and  within  Turners  Falls  Reservoir  would  be 
justified  by  the  year  ZOOO.  Such  improvements  would,  in  turn,  gen- 
erate increasing  interest  in  boating  bypass  measures  at  Turners  Falls 
Dam  (R.  M.  12Z)  and  Vernon  Dam  (R.  M.  I4Z)  by  mechanical  means 
(boat  trailer  service  or  marine  railways)  or  by  hydraulic  means  (navi- 
gation locks  and  canals). 

Bypass  of  Turners  Falls  Dam  would  be  a major  endeavor,  en- 
tailing a 2-mile  long  canal  or  mechanical  bypass.  Neither  the  Z-mile 
long  power  canal  between  Turners  Falls  Dam  and  Cabot  Station,  at 
its  lower  end,  nor  the  main  river  betv.’een  these  tuo  points  presents 
a reasonable  navigation  route.  The  upper  mile  of  this  reach  is  shown 
in  the  foreground  of  Figure  L-5.  The  easiest  water  route  would  en- 
tail a land  cut  beginning  about  one  mile  belou-  the  mouth  of  the  Deer- 
field River  and  extending  about  2 miles  northeastward  across  the  neck 
of  land  located  about  2 miles  east  of  the  power  canal.  A navigation 
luck  at  the  head  of  the  land  cut  could  connect  with  the  second  cove 
above  Turners  Falls  Dam.  Dredging  needs  within  Turners  Falls  Res- 
scrvoir  would  be  minor  in  view  of  the  scheduled  5.  4-foot  increase  in 
Turners  Falls  pool  operating  level  as  part  of  the  Northfield  Mountain 
Pumped  Storage  Project. 
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Vernon  Dam  could  be  easily  bypassed  by  a 500-foot  long  canal 
cut  and  navigation  lock  across  the  narrow  neck  of  land  on  the  New 
Hampshire  side  of  the  dam,  as  shown  in  the  left  foreground  of  Figure 
L-6.  Major  shoals  occur  in  the  0.  5-mile  reach  above  the  dam  and 
in  the  3-mile  reach  at  the  head  of  the  reservoir  between  Walpole,  New 
Hampshire  and  Bellows  Falls  Dam  (R.  M.  173). 


Although  a minimum  of  Z,  000  boats  can  be  expected  to  base 
within  the  27-mile  long  Bellows  Falls  Reservoir  and  the  45-mile 
long  Wilder  Reservoir  within  the  next  50  years,  assuming  that  only 
access  and  marina  facilities  are  provided,  there  is  little  support 
at  this  time  that  local  interests  would  be  willing  to  participate  in  the 
major  costs  required  for  development  of  a boating  waterway  connecting 
the  head  of  Vernon  Reservoir  (R.  M.  169)  with  Wilder  Reservoir  (R.  M, 
217).  Bypass  of  Bello.vs  Falls  Dam,  which  would  necessitate  a 70-foot 
vertical  lift,  would  require  a major  engineering  study  in  view  of  the 
major  physical  restrictions  in  the  0.  8-mile  long  reach  shown  in  Figure 
L,-7.  The  site  is  similar  to  the  Turners  Falls  area  in  that  neither  the 
river  channel  nor  the  power  canal  provides  a ready  navigation  route. 

A mechanical  bypass,  such  as  a boat  trailer  service  or  marine  rail- 
way extending  from  the  main  river  near  the  power  station  to  the  west 
side  of  the  Bellows  Falls  pool  above  the  upper  highway  bridge,  would 
present  the  most  feasible  means  for  passing  boats  around  the  dam. 
Subsequent  justification  of  a waterway  route,  if  desired,  would  likely  be 
contingent  upon  one  or  more  physical  changes  in  the  area,  such  as 
urban  renewal  and  discontinuance  of  part  of  the  business  district  along 
the  west  bank  of  the  power  canal,  relocation  of  the  lower  highway 
bridge  to  another  site,  or  relocation  or  discontinuance  of  one  of  the 
tw'o  railroad  lines  that  intersect  near  the  south  end  (right  bank)  of  the 
dam. 


Provision  of  a boating  waterway  in  the  17-mile  free-flowing 
reach  between  the  Bellows  Falls  and  Wilder  Reservoirs  would  be  a 
major  endeavor,  as  the  river  falls  35  feet  between  the  toe  of  Wilder 
Dam  and  the  head  of  Bellows  Falls  Reservoir  at  Windsor,  Vermont 
(R.  M.  200).  In  addition,  a minimum  lift  of  59  feet  would  be  required 
at  Wilder  Dam.  The  major  restrictions  to  navigation  in  the  lower 
half  of  this  reach  consist  of  gravel  bars  at  Hart  Island  (R.  M,  204) 
and  extensive  ledge  rock  at  Summer  Falls  or  Hartland  Rapids  (R,  M. 
207).  These  could  be  bypassed  by  canal  and  lock  systems  along  the 
Vermont  side  of  the  river. 

While  the  scenic  beauty  and  existing  hydraulic  control  atforded 
by  Summer  Falls  could  be  left  undisturbed,  a detailed  hydr.uilic  stud\ 
would  be  needed  for  the  design  of  a navigation  channel  in  the  4-mile 
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FIG.  1.-5  TURNERS  FALLS  DAM  AND  UPPER  END  OF 
POWER  CANAL  LEADING  TO  CABOT  STATION 


FIG.  L-  6 VERNON  DAM  AND  I’OTENTIAl.  LOCK  SITE  ACROSS 
NARROW  NEC:K  OF  LAND  AT  EAST  SIDE  OF  THE  RESERVOIR 


reach  between  Sumner  Falls  and  Wilder  Dam  where  the  river  falls 
IS  leet.  Because  major  augmentation  of  river  flows  would  be  re- 
quired, in  addition  to  the  provision  of  dependable  minimum  flows 
associated  with  the  1970  reticensing  of  Wilder  Dam  and  other  down- 
stream power  dams,  it  is  unlikely  that  a single-purpose  boating  chan- 
nel could  be  justified  between  Windsor  and  Wilder,  Vermont.  While 
the  Hart  Island  hydroelectric  power  site  (see  Plate  L-14)  is  not 
justified  for  development  at  this  time,  the  potential  development  of 
the  30-foot  power  head  at  this  site  as  a multiple-purpose  project 
would  offer  the  optimum  plan  for  providing  a boating  waterway  in  this 
reach. 


4.  Summary  and  Conclusions 

Limited  boating  activity  has  occurred  within  the  power  storage 
reservoirs  above  Holyoke  for  many  years.  However,  most  of  the 
boating  expansion  has  occurred  within  the  past  five  years  with  the 
development  of  marinas  and  boating  clubs  and  the  provision  of  public 
access  areas.  Other  than  the  Holyoke  Reservoir  where  there  is 
major  shoaling,  the  1 980  needs  could  be  met  by  the  provision  of  addi- 
tional public  access  areas  and  by  navigation  markers  to  delineate 
shoal  areas  and  submerged,  uprooted  trees  (deadheads).  Preliminary 
hydrographic  soundings  show  there  is  need  for  substantial  dredging  for 
recreational  channel  improvements  in  the  14-mile  reach  between 
Holyoke  Dam  and  the  Xorthampton-Hatfield  line.  The  channel  ex- 
cavation work  appears  warranted,  subject  to  local  interests  express- 
ing willingness  to  share  one-half  the  first  cost  of  construction,  plus 
agreeing  to  meet  other  standard  local  participation  requirements  for 
recreational  boating  projects.  Subsequent  consideration  should  be 
given  to  removal  of  shoals  in  the  shallow  upper  sections  of  the  Holy- 
oke, rurners  Falls,  Vernon  and  Bellows  Falls  Reservoirs  and  to  the 
provision  of  bypass  measures  at  some  of  the  dams  impounding  these 
pools. 

B.  CANOEING  OX  THE  MAIN  RIVER 

1 . E^xisting  Conditions 

While  canoeing  is  popular  during  Ihe  spring  months  in  the  lower 
basin  as  far  downstream  as  Micldletow  n.  Connect  .cut  (R..\l.  Id),  most 
of  the  canoeing  activity  is  centered  in  the  .Middle  Basin  between  Wilder 
Dam  (R..M.  217)  and  Vi-rnon  Dam  (H.M.  142)  and  in  the  Upper  Basin  from 
Canaan  Dam  (R.M.  370)  and  Wildi-r  Dam.  The  peak  activity  occurs 
between  Conii’rford  Dam  (R.M.  2bi)  and  Bellows  E'alls  Dam  (R.M.  173). 
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principally  by  organized  parties  from  the  Appalachian  Mountain 
Club,  the  Ledyard  Canoe  Club  of  Dartmouth  College  and  by  children's 
summer  camps. 

In  the  Middle  Basin,  the  prime  canoeing  season  extends  from 
April  through  mid-June  and  resumes  again  in  late  October  after  the 
autumn  rains.  Passage  during  the  summer  months  is  usually  limited 
to  weekday  runs  when  flow  releases  are  made  intermittently  from 
Wilder  Station  and  other  main  stem  hydroelectric  plants.  Passage 
during  summer  weekends  is  usually  possible  only  after  several  days 
of  heavy  rains  because  most  of  the  river  flows  on  the  main  river  are 
impounded  during  weekends  by  the  upstream  hydroelectric  plants  to 
meet  the  demand  for  weekday  peaking  power. 

In  the  Upper  Basin,  the  prime  canoeing  season  extends  from 
April  through  early  June  and  resumes  in  early  October  after  the 
autumn  rains.  In  wet  years  the  season  extends  through  mid-July. 
Passage  above  Moore  Reservoir  (R.M.  298)  during  the  summer  sea- 
son usually  is  possible  only  after  several  days  of  heavy  rains.  Sum- 
mer passage  below  Moore  Dam  (R.M,  288)  usually  is  limited  to  week- 
day runs  when  Moore  and  Comerford  Stations  are  releasing  flows  for 
power  production. 


2.  Existinu  Canoeint’  Runs  (Reaches) 


There  are  six  principal  canoeing  runs  providing  free-flowing 
river  conditions  along  the  main  stem,  as  follows: 


(1)  7-mile  reach  from  gorge  in  Pittsburg,  3 miles  below 
Lake  Francis  to  head  of  Canaan  Reservoir  (R,  M.  370),  moderate 
rapids  through  numerous  boulders. 


(2)  26-mile  reach  from  Canaan  Dam  to  North  Stratford, 

New  Hampshire  (R.M.  344),  moderate  rapids  through  boulders  and 
remnants  of  former  Lyman  Falls  Dam. 

(3)  2-mile  reach  from  Comerford  Dam  to  mouth  of  Passumpsic 
River  (R.M.  279),  fast  current  from  power  plant  flow  releases  pro- 
vides mild  white-water  conditions  when  plant  is  operating. 

(4)  o-mile  reach  from  gorge  above  Woodsville,  New  Hamp- 
shire to  head  of  W ilder  Reservoir  (R . M,  262),  moderate  rapids 
through  gorges  ami  over  gravel  bars. 


i 
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(5)  13-mile  reach  from  Wilder  Dam  to  Hart  Island 
near  Hart  land- W indso  r,  Vermont,  town  line  (R.M.  203),  moderate 
rapids  tlirough  gorges  and  over  gravel  bars. 

(6)  4-ntile  reach  from  Enfield  Dam  to  foot  of  Enfield 
Hapids  (P.M.  o4),  moderate  rapids  through  ledge  outcrops. 

3.  Future  Canoeing  Puns  (Peaches) 

The  only  na\igation  improvement  specifically  requested  by 
local  interests  for  early  development  in  the  Upper  and  Middle  Basins 
was  the  establishment  of  a canoeway  along  the  New  Hamps  hr  e - \'e  r - 
mont  border.  Although  the  1980  basin  plan  of  improvement  (see 
Main  Report  and  Appendix  K)  would  not  provide  the  minimum  flows 
needed  to  assure  dependable  canoeing  conditions  on  the  main  river 
during  the  summer  months,  it  is  anticipated  that  the  reregulation  of 
flov,  releases  from  Wilder  Dam,  scheduled  for  relicensing  in  .Tuly 
1970,  also  would  necessitate  changes  in  release  from  Lake  Francis, 
the  First  and  Second  Connecticut  Lakes,  and  from  Moore  and  Comer- 
ford  Reservoirs.  While  this  potential  reregulation  of  flows  in  the  Upper 
Basin  would,  in  most  reaches,  provide  the  minimum  flows  required 
for  canoeing  during  the  summer  months,  additional  flows  would  be 
needed  to  meet  future  demands  for  river  canoeing  waters.  Consider- 
ation should  be  given  to  provision  of  additional  low  flow  augmentation 
measures  in  subsequent  phases  of  the  basin  plan  of  impro venu-nt.  The 
15-mile  reach  between  Colebrook  and  Nortli  Stratford  and  the  13-mile 
reach  between  Wilder  Dam  and  Hart  Island  would  have  excellent  poten- 
tials for  meeting  future  canoeing  needs. 

4.  Other  Improvements 

There  are  three  immediate  areas  where  selective  shore  improve- 
ments are  needed  as  safety  measures  to  canoeists.  The  first  area  is 
the  need  for  visutil  warnings  upstream  of  lour  river  hazards  that 
usually  do  not  give  canoeists  any  audilile  warning  that  dangerous  con- 
ditions or  falls  exist.  These  warnings  should  suggest  llial  prior  scouting 
of  these  hazards  should  be  made  before  any  attempt  is  madi  to  run 
these  hazards  undi-r  favorable  flow  conditions.  \'isual  w.irnings  .ire 
espi'ci.illy  nei'ded  at  the  remnants  of  Lymtin  l-'alls  D.im  (R.  M.  347), 
Northumberland  (Wyoming)  Dam  (R..\l,  321),  Sumner  Falls  (R.M.  20b), 
and  Enlield  Dam  (RL  .M.  o8). 

Tile  mwd  for  refuge  facilities  for  canoeists  caught  in  sudden 


do  not  offer  safe  footing,  particularly  when  the  clay  soil  becomes 
moist.  Simple  lean-tos  also  should  be  provided  so  that  clothing 
and  other  essential  items  can  be  kept  dry. 

The  third  area  is  the  need  for  portage  trail  improvements. 

■Many  portage  trails  are  not  marked  around  existing  power  dams. 

Some  of  these  trails  are  hazardous,  particularly  to  female  canoeists, 
as  they  entail  climbing  up  steep,  slippery  clay  or  till  riverbanks. 

Minor  grading  and  drainage  improvements  should  be  considered  to 
provide  trails  of  adequate  width  and  footing,  running  diagonally  across 
the  steep  riverbanks.  In  some  of  the  power  pools,  consideration 
should  be  given  to  provision  of  small  floats  or  permanent  steps  at 
the  foot  of  the  upstream  end  of  some  portage  trails,  particularly 
where  the  riverbanks  are  very  steep. 

C.  FEDERAL  PERMIT  PROGRAM 

1,  Navigation  History 

A major  by-product  of  the  comprehensive  study  has  been  the 
Significant  changes  brought  about  in  the  regulations  pertaining  to  per- 
mits for  work  in  the  navigable  waters  of  the  Connecticut  River. 

Prior  to  the  basin  study,  the  Corps  of  Engineers  considered  that  its 
responsibility  for  reviewing  permits  on  the  Connecticut  River  extended 
only  to  Holyoke  Dam.  (R.  M.  87)  in  Massachusetts  in  the  interest  of 
protecting  navigation  and  navigable  waters.  However,  the  major  de- 
mands for  a wider  range  of  uses  of  the  river  have  caused  a change  in 
this  earlier  position. 

Historically,  commerical  navigation  on  the  river  can  be  traced 
back  to  the  Upper  Basin,  upstream  of  Wells  River,  Vermont  (R.M,  266). 
Until  the  late  1800's,  the  Connecticut  River  was  a highway  for  inter- 
state commerce  through  the  use  of  navigation  locks  and  canals  at  the 
major  falls  in  the  river.  However,  with  the  advent  of  man-made  ob- 
structions and  the  destruction  of  most  of  the  canal  systems,  the  river 
upstream  from  Hartford,  Connecticut  (R.  M.  52)  is  not  capable  lor 
such  use  at  the  present  time  without  the  installation  of  passage  facili- 
ties and  other  improvements. 
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Prospective  Navittatiun  Demands 


1. 


The  study  on  recreational  boating  needs  in  the  33-miie  reach 
between  Hartford  and  Holyoke  recommends  extensive  improvements 
which  will  permit  navigation  to  extend  up  to  the  vicinity  of  Holyoke 
Dam.  The  comprehensive  study  recommends  selective  channel 
improvements  for  recreational  boating  in  the  14-mile  reach  upstream 
from  Holyoke  Dam.  The  comprehensive  study  also  revealed  increas- 
ing demands  for  recreational  boating  throughout  Massachusetts  and 
Connecticut  and  tlie  lower  portions  of  New  Hampshire  and  Vermont. 
These  demands  coupled  with  the  recommended  recreational  boating 
improvements  above  and  below  Holyoke  Dam  are  expected  to  generate 
need  for  future  boat  passage  at  Holyoke  and  other  upstream  dams. 

As  an  item  of  interest,  recreational  boating  was  defined  by 
the  1932  River  and  Harbor  Act  as  constituting  a form  of  waterborne 
commerce  whether  or  not  the  craft  were  for  hire. 

There  also  is  need  to  regulate  flows  in  the  basin  to  insure 
adequacy  for  such  purposes  as  na\dgation,  recreation,  fish  and  wild- 
life, water  quality,  water  supply  and  power 

3.  Need  for  Effective  Control 

Because  of  the  wide  and  diverse  ramifications  of  possible  adverst 
development  along  and  adjacent  to  the  main  stem  of  the  Connecticut 
River,  there  is  a need  for  the  evaluation  of  the  impact  of  new  pro- 
posed works  on  the  public  interests.  The  Refuse  Att  of  18'^Q  pro\ides 
fines  and  criminal  sanctions  for  dumping  wastes  into  navigable  v.aters 
without  a permit.  This  authority  assigned  to  the  Corps  of  Engineers 
has  been  invoked  in  recent  actions  in  an  effort  to  control  pollution 
through  the  exercise  of  the  Refuse  Act's  permit  function. 

For  these  reasons  the  Corps  has  interpreted  that  its  juristlict  ion 
should  extend  along  the  entire  main  stem  of  the  ri\er  so  that  responsible 
standards  may  be  imposed  with  respect  to  use  de\'elopment  .ind  preser- 
vation of  the  river.  By  declaring  the  navigability  of  the  river,  in  fact, 
as  extemling  380  miles  upstreani  to  Murphy  Dam  at  Lake  Francis,  mu.  h 
needed  proti'ction  and  flexibility  is  now  availabli'  to  meet  thi,-  thriuit  oi 
improper  deviTopnu'nt s along  the  ri\i'r 
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IV.  CANOEING  ON  TRIBUTARY  STREAMS 


A.  EXISTING  CANOEING  RUNS  (REACHES) 

1 . Seasonal  AvailabilitY 

The  prime  canoeing  season  within  the  basin  can  vary  from 
6 to  12  weeks  in  length  during  the  spring  runoff  period,  depending 
upon  the  size,  topography  and  location  of  the  tributary  drainage  area. 
Dependable  flow  conditions  usually  are  available  in  the  lower  basin 
from  early  April  to  mid-May,  while  favorable  conditions  in  the  upper 
basin  usually  occur  from  late  April  to  mid-June.  In  wet  years,  the 
canoeing  season  may  extend  an  additional  3 to  4 weeks  through  early 
to  mid-July. 

Detailed  descriptions  of  specific  reaches  on  nearly  30  streams 
have  been  compiled  to  highlight  the  reaches  offering  interesting  or  ex- 
citing canoeing  conditions.  Although  scenic  runs  are  av'ailable  on 
many  streams,  many  reaches  such  as  the  middle  Farmington  and  lower 
Deerfield  Rivers  have  not  been  included  because  they  offer  only  smooth 
water  conditions  which  can  be  found  on  the  main  river  or  nearby  lakes 
and  ponds.  Many  reaches  offering  exciting  canoeing  conditions  have 
not  been  included  such  as  those  requiring  deck  covers,  setting  poles, 
e.xcessively  large  river  flows  or  frequent  portages.  Conditions  in  the 
specific  reaches  described  vary  from  Glass  1 through  Class  4,  as  es- 
tablished by  the  American  White-Water  Affiliation,  which  are  sum- 
marized as  follows: 

Class  1 - riffles  (slight  rapids)  and  small  waves 

Class  2 - moderate  rapids  and  minor  ledges 

Class  3 - strong  rapids,  small  falls  and  cross  waves 

In  the  listing  of  canoeing  streams  that  follows,  the  river  mile 
number  noted  after  each  stream  name  represents  the  Connecticut  River 
mileage  at  the  confluence  of  each  specific  tributary  stream.  In  the 
descriptions  of  conditions  along  the  tributaries,  the  figures  inclosed  by 
parentheses  represent  river  mile  designations  along  each  tributary. 

2,  New  Hampshire 

The  prime  white-water  run  in  the  New  Hampshire  section  of 
the  river  basin  is  located  in  the  middle  reaches  of  the  .'\mmonoosuc 
River.  Other  popular  white-water  runs  are  available  in  the  headwaters 
of  the  Upper  Ammonoosuc,  the  middle  reaches  of  the  Mascoma,  the 
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middle  reaches  of  the  Sugar,  the  lower  reaches  of  the  Cold  and  the 
upper  reaches  of  the  Ashuelot  River.  The  most  dependable  flow 
conditions  are  available  in  the  upper  and  middle  reaches  of  the  Am- 
monoosuc,  which  can  be  run  following  heavy  rains  after  the  usual 
canoeing  season  ends  in  mid-June.  Weekday  runs  usually  are  avail- 
able in  the  middle  reaches  of  the  Sugar  when  upstream  industrial 
dams  make  flow  releases.  Eight  tributaries  within  the  New  Hamp- 
shire section  of  the  basin  provide  interesting  canoeing  runs  as  follows; 

(1)  Ashuelot  River  - R.  M.  140 

6-mile  reach  from  Gilsum  Gorge  (R.  M,  40)  to  head  of  Surry 
Mountain  Reservoir  { R.  M.  34);  strong  rapids  shifting  to  mild  rapids, 
with  pitch  ( at  R.  M.  38)  that  should  be  scouted. 

6- mile  reach  on  The  Branch  from  Otter  Brook  Dam  (R.  M.  6) 
to  main  river  south  of  Keene;  continuous  strong  rapids  thr.  ugh  broken 
dam  (R.  M.  1):  run  is  contingent  upon  releases  from  f)  .ontrol  dam. 

(2)  Cold  River  - R.  M.  172 

12-mile  reach  from  gorge  at  South  Acworth  (R.  M.  1 5)  to  Cold 
River  village  (R.  M.  1);  continuous  strong  rapids;  pitch  (R.  M.  10) 
above  Alstead  should  be  scouted;  two  dams  at  Alstead  (R.  M.  d-7)  and 
Drewsville  Gorge  (R.  M.  4)  require  portages. 

( 3 ) Sugar  River  - R . M . 195 

7 - mile  reach  from  North  Newport  Dam  (R.  M.  15)  to  slack 

two  miles  above  Claremont  (R.  M.  8);  strong  rapids  shifting  to  moderate 
rapids,  may  be  run  on  weekdays  when  industrial  dams  make  flow  re- 
leases. 

(4)  Mascoma  River  - R.  M.  214 

4-rnile  reach  from  dam  (R.  M.  9)  two  miles  below  Mascoma 
Lake,  Enfield  to  upper  dam  at  Lebanon  (R.  M.  5);  strong  rapids  shifting 
to  moderate  rapids. 

(5)  Ammonoosuc  River  (R.  M.  266) 

7-mile  reach  from  foot  of  Lower  Ammonoosuc  Falls  at  Twin 
Mountain  (R.  M.  40)  to  Pierce  Bridge  (R.  M.  33);  moderate  rapids  and 
fast  current  shifting  to  strong  rapids  and  large  boulders.  (The  next 
3-mile  reach  would  be  avoided  by  many  canoeists  as  it  consists  of  a 
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sharp  pitch  that  must  be  portaged,  Z miles  of  slack  water,  portage 
around  dam  at  Maplewood  (R.  M.  31)  and  scouting  of  1-mile  long 
gorge  that  usually  is  impassable). 


6-mile  reach  from  gorge  at  Maplewood  (R.  M.  30)  to  head  of 
reservoir  at  Littleton  Dam,  mixture  of  strong  to  moderate  rapids  that 
should  be  scouted  at  Alder  Brook  (R.  M,  Z7). 

4-mile  reach  from  mouth  of  Wild  Ammonoosuc  River  at  Bath 
(R.  M.  4)  to  dam  near  Connecticut  River  at  Woodsville;  mixture  of 
good  current  and  riffles. 

(6)  Johns  River  - R.  M,  303 

6-mile  reach  from  Whitefield  (R,  M.  6)  to  Connecticut  River 
at  Dalton;  scenic  run  when  fast  current  available  in  April  and  May. 

(7)  Israel  River  - R.  M.  312 

8-mile  reach  from  the  Meadows  (R.  M.  12)  in  Jefferson  ex- 
tending through  Riverton  to  breeched  dam  (R.  M.  4)  two  miles  above 
Lancaster;  mixture  of  mild  to  moderate  rapids. 

(8)  Upper  Ammonoosuc  - R.  M.  325 

8-mile  reach  from  York  Pond  Road  off  west  side  of  Berlin- 
West  Milan  road  (R.  M.  30)  to  junction  with  North  Branch  at  West 
Milan  (R.  M.  22);  continuous  moderate  to  strong  rapids;  gorge  at  mouth 
of  Higgins  Brook  (R.  M.  25)  should  be  scouted. 

3,  Vermont 

The  prime  white-water  run  in  the  Vermont  section  of  the  river 
basin  is  located  in  the  middle  reaches  of  the  White  River.  Excellent 
white-water  runs  also  are  available  in  the  upper  reaches  of  the  Nul- 
hegan,  the  lower  reaches  of  the  Passumpsic  East  Branch,  the  lower 
reaches  of  the  Wells,  the  lower  reaches  of  the Ottauquechee , the  middle 
reaches  of  the  Black,  the  middle  reaches  of  the  Saxtons  and  the  upper 
reaches  of  the  West  River.  Dependable  flow  conditions  usually  avail- 
able along  middle  and  lower  reaches  of  the  White  River  except  during 
drier  than  average  summers.  The  usual  canoeing  season  on  the  other 
streams  extends  through  May,  except  on  a few  streams  such  as  Saxtons 
River  which  can  be  run  after  heavy  rains.  Ten  tributaries  within  the 
Vermont  portion  of  the  river  basin  provide  good  canoeing  runs  as 
follows : 
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(1)  West  River  - R.  M.  149 


li-mile  reach  from  Londonderry  (R.  M.  36)  to  head  of  Town- 
shend  Reservoir  at  East  Jamaica  (R,  M.  23);  moderate  rapids  shifting 
to  steep  pitches  and  strong  rapids;  portages  required  at  dams  at  South 
Londonderry  (B . M.  33)and  Ball  Mountain  (R.  M.  26);  portages  also  re- 
quired at  the  Dumplings  (huge  boulders  below  Ball  Mountain  Dam) 
during  high  water.  Canoe  and  kayak  races  are  held  each  spring  in  the 
4-mile  reach  below  the  Dumplings  with  flow  releases  from  Ball  Mountain 
Dam. 


10-mile  reach  from  Townshend  Dam  (R.  M.  21)  to  dam  at 
West  Dummerston  (R.  M.  11);  good  current  and  short  rapids  which 
usually  can  be  run  at  low  water  stages. 

(2)  Saxtons  River  - R.  M.  173 

7- mile  reach  from  South  Branch  at  Grafton  (R.  >4.  1 1 ) to  Sax- 
tons River  village  (R.  M.  4).  severe  rapids  shifting  to  strong  rapids; 
ledge  below  Cambridgeport  (R.  M.  7)  is  impassable  at  high  water. 

(3)  Williams  River  - R.  M.  176 

8- mile  reach  from  the  Route  103  bridge  below  Gassetts  on 
North  Branch  (R.  M.  16)  and  extending  through  Chester  to  Bartons - 
ville  Gorge  (R.  M.  8)  one  mile  above  the  village;  moderate  rapids  and 
fast  current. 

(4)  Black  River  - R.  M.  183 

8-mile  reach  from  Whitesville  Dam  in  Cavendish  (R.  M.  21) 
to  Perkinsville  Dam  (R.  M.  13);  moderate  rapids,  with  strong  rapids 
and  boulders  in  middle  section. 

(5)  Ottauquechee  River  - R.  M.  210 

13-mile  reach  from  West  Bridgewater  Dam  (R.  M.  29)  to 
West  Woodstock  Dam  (R.  M.  16);  moderate  rapids;  causewdy  beluw 
Bridgewater  Corners  (R.  M.  13)  may  require  portaging  at  low  water 
stages. 


4-mile  reach  from  Uuechee  Gorge  (R.  M. 
Hartland  Reservoir  (R,  M.  2),  moderate  to  strong 


6)  to  head  of  North 
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(6)  White  River  - R.  M.  21& 

8-rmle  reach  from  West  Branch  in  Rochester  (R.  M.  48)  to 
Tweed  River  in  Stockbridge  (R.  M.  40);  easy  to  moderate  rapids. 

7-mile  reach  from  Gaysville  damsite  (R.  M.  35)  to  Bethel 
village  (lCTZ~l8)7'm^derate  rapids  provide  excellent  white-water 
run  from  April  to  mid-June. 

20-mile  reach  from  Bethel  Dam  (R.  M.  27)  to  lower  end 
of  rapids  at  West  Hartford  (R.  M.  7);  moderate  rapids  shifting  to  sharp 
pitches  over  numerous  ledges,  passage  is  usually  possible  through 
the  summer,  unless  drier  than  normal  summer.  Canoe  and  kayak  races 
are  held  in  the  lower  half  of  this  reach  during  the  spring  freshet  period. 

6- mile  reach  on  the  First  Branch  from  Crams  Brook  (R.  M.  14) 
in  Chelsea  to  upper  dam  at  Tunbridge  (R.  M.  8);  moderately  steep  run 
and  sharp  drops  over  many  ledges;  portages  are  needed  at  dams  at  North 
Tunbridge  (R.  M.  12)  and  Tunbridge  (R.  M.  10). 

(7)  Waits  River  - R.  M.  247 

7- mile  reach  from  Tabor  Branch  at  East  Corinth  (R.  M.  10) 
to  head  of  reservoir  two  miles  above  Bradford  (R.  M.  3);  moderate 
rapids,  with  sharp  pitch  below  mouth  of  South  Branch  (R.  M.  7)  that 
should  be  scouted. 

(8)  Wells  River  - R.  M.  266 

7-mile  reach  from  upper  bridge  in  Groton  (R.  M.  11)  to  Bol- 
tonville  Dam  (R.  M.  4);  strong  rapids,  with  remains  of  old  dam  (R.  M. 

10)  that  should  be  scouted. 

( 9 ) Passumpsic  River  Tributaries  - R . M.  2 79 

4-rnile  reach  on  the  East  Branch  from  dam  at  East  Burke 
{R.  M.  4)  to  junction  with  West  Branch  above  Lyndonville;  continuous, 
steep  drops  must  be  run  at  high  water. 

19-mile  reach  on  the  Moose  River  from  bridge  (R.  M.  24) 
one  mile  above  Victory  village  to  gorge  at  East  St.  .lohnsbury  (R.  M.  5), 
mixture  of  strong  rapids,  steep  drops  and  fast  current. 
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( 1 ) Nulhegan  River  - R . M . 345 


8-mile  reach  from 
of  pool  (R.  M.  5)  impounded 
Cur  rent. 


East  Brighton  village  (R.  M.  13)  to  head 
by  Stone  Dam,  moderate  rapids  and  good 


4-mile  reach  from  Stone  Dam  (R.  M,  4)  to  former  dam  at 
Bloomfield  near  confluence  with  Connecticut  River;  strong  rapids 
shifting  to  moderate  rapids;  rapids  at  last  bend  before  mouth  of  East 
Branch  (R.  M.  3)  must  be  portaged. 


4,  Massachusetts 

Excellent  white-water  runs  are  available  in  the  middle  and 
lower  reaches  of  the  West  Branch  of  the  Westfield  River  and  in  the 
lower  reaches  of  the  Quaboag  River.  Other  popular  white-water  runs 
are  available  in  the  middle  and  lower  reaches  of  the  Millers,  the 
middle  reaches  of  the  Deerfield  and  the  middle  and  lower  reaches  of 
the  West  Branch  of  the  Westfield  River.  Although  industrial  waste 
pollution  now  causes  the  following  streams  to  be  somewhat  unattractive 
during  the  summer  months,  weekday  runs  usually  are  available  in  the 
lower  reaches  of  the  Millers,  the  upper  reaches  of  the  Westfield  main 
stem  and  the  middle  reaches  of  t.he  Ware  River  when  industrial  dams 
make  flow  releases.  Six  tributaries  within  the  Massachusetts  section 
of  the  river  basin  offer  interesting  canoeing  runs  as  follows; 


(1)  Farmington  River  - R.  M.  57 

5-mile  reach  on  the  West  Branch  (about  9 miles  north  of  the 
Connecticut  State  line  )extending  from  Otis  village  (R.  M.  73)  to  high- 
way bridge  in  Tolland  State  Forest  (R.  M.  68),  mixed  easy  rapids  and 
fast  current,  with  a steep  pitch  near  the  outlet  from  Otis  Reservoir 
(R.  M.  70)  that  should  be  scouted.  Annual  competitions  for  e.xpert 
canoeists  are  held  each  spring  in  the  next  reach  dov.nstr earn,  a 3-mile 
run  of  difficult  rapids  requiring  much  scouting. 

(2)  W^estfield  River  - R.  M.  75 

24-mile  reach  on  the  North  Branch  from  West  Cummington 
village  (R.  M.  53)  and  extending  through  Swift  River  village  (R.  M.  44) 
to  head  of  Knightville  Reservoir  (R.  M.  3 3);  continucms,  moderate 
rapids  above  Swift  River,  shifting  to  strong  to  difficult  rapids  above 
West  Chesterfield  Dam  (R.  M.  41)  and  Chesterfield  Gorge  (R,  M.  39), 
which  both  must  be  portaged,  then  changing  to  moderate  rapids. 
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5- mile  run  on  the  North  Branch  from  Knightville  Dam  (R.  M.  30) 
to  one  mile  below  Huntington  (R.  M.  25),  at  the  head  of  the  main  river; 
continuous,  strong  rapids,  with  gorge  (R.  M.  28)  which  should  be  scouted. 
White-water  races  are  held  in  this  reach  each  spring  using  flow  releases 
from  Knightville  Dam 

9- mile  reach  on  the  West  Branch  from  gorge  at  Middlefield 
(R.  M.  10)  to  dam  at  Huntington  (R.  M.  1);  difficult  rapids  shifting  at 
Chester  (R.  M.  6)  to  strong  rapids. 

(3)  Chicopee  River  Tributaries  - R.  M.  81 

8-mile  reach  on  the  Quaboag  River  from  lower  dam  at  West 
Warren  village  (R.  M.  14)  to  Blanchardville  Dam  (R.  M.  6);  moderate 
to  strong  rapids,  with  two  pitches  of  difficult  rapids  (R.  M.  13)  which 
should  be  scouted. 

1 1 -mile  reach  on  the  Ware  River  from  dam  at  Wheelwright 
(R.  M.  23)  to  upper  dam  at  Ware  (R.  M.  12);  moderate  rapids  mixed 
with  riffles  and  fast  current,  with  pitch  below  Gilbertville  covered 
bridge  (R.  M.  16)  which  should  be  scouted. 

(4)  Deerfield  River  - R.  M.  1 1 9 

10- mile  reach  from  powerhouse  canal  (R.  M.  36)  two  miles 
below  Monroe  village  to  Charlemont  village  (R.  M.  26);  difficult  rapids 
shifting  to  moderate  rapids  below  Hoosac  Tunnel,  with  pitch  at  Zoar 
Gap  (R.  M.  32)  which  should  be  scouted. 

( 5)  Millers  River  - R.  M.  126 

6- mile  reach  from  dam  at  South  Royalston  (R.  M.  26)  to  upper 
dam  at  Athol  (R.  M.  20);  continuous,  strong  rapids,  with  gorge  (R.  M. 

21)  above  Athol  that  should  be  scouted. 

6-mile  reach  from  dam  at  Erving  (R.  M.  8)  to  upper  dam  at 
Millers  Falls  (R.  M.  2);  mixed  strong  to  difficult  rapids,  with  chute 
(R.  M.  5)  above  Millers  Falls  that  requires  scouting. 

5.  Connecticut 


There  are  three  white-water  runs  within  the  Connecticut 
section  of  the  river  basin.  The  most  popular  is  a 3-mile  run,  in  Col- 
chester, in  the  upper  reaches  of  the  Salmon  River,  immediately  up- 
stream of  Blackledge  River.  The  other  two  runs,  which  require  more 


I 


L-56 


experience  and  provide  greater  challenge,  consist  of  a 2-mile  run  on  the 
lower  Still  River,  before  it  joins  the  Farmington  near  Riverton,  and  the 
2-mile  long  gorge  along  the  Farmington,  below  the  East  Branch,  called 
Satan's  Kingdom. 

Fast  river  currents  formerly  were  available  on  a weekday 
basis  in  the  16-mile  reach  of  the  Farmington  between  Hogback  Dam  (R.  M. 
56)  and  Collinsville,  when  flow  releases  were  made  for  operation  of  the 
Collinsville  mills.  These  riparian  rights  recently  were  purchased  by 
the  Hartford  M etropolitan  District  (Comm.is sion)  to  meet  the  water  sup- 
ply needs  of  the  Hartford  area.  However,  a 7-mile  run  on  the  lower 
Farm.ington  at  Windsor  offers  moderate  rapids  and  fair  current  when  week 
day  flow  releases  are  made  from  Rainbow  Dam  for  poi^er  generation. 
Three  tributaries  within  the  Connecticut  section  of  the  river  basin  offer 
good  canoeing  runs  as  follows; 

(1)  Salmon  River  - R.  M.  18 

8-mile  reach  from  River  Road  in  North  Westchester  (R.  M.  12) 
to  Leesville  Dam  (R.  M.  4);  scenic  run  of  moderate  rapids  changing  to 
fast  current  through  the  Salmon  Riv'er  State  Forest.  This  moderate 
run  can  be  combined  with  the  more  difficult,  3-mile  long,  white-water 
run  that  begins  near  the  Hebr on-Colchester  town  line. 

(2)  Hockanum  River  - R.  M.  50 

1-mile  reach  on  the  Tankerhoosen  River  immediately  down- 
stream from  the  mill  dam  at  Vernon,  combined  with  the  4-mile  reach 
on  the  Hockanum  River  that  extends  downstream  to  Union  Pond  Dam  at 
Manchester  (R.  M.  7);  fast  current  is  available  after  heavy  rains  or 
when  the  mill  at  Vernon  releases  a good  flow  of  W’ater. 

(3)  Farmington  River  - R,  M.  ■’7 

16-mile  reach  from  Hogback  (Goodwin ) Dam  (R.  M.  5/)  to  the 
upper  dam  at  Collinsville  (R.  M.  41),  mixture  of  easy  to  moderate  rapids, 
except  for  strong  rapids  in  2-mile  long  gorge  at  Satan's  Kingdon  (R.  M. 

4 5)  which  has  an  abrupt  drop  that  must  be  portaged. 

B.  PROSPECTIVE  CANOEING  RUNS  (RE.\CHES) 

None  of  the  low-flow  augmentation  projects  proposed  for  inclusion 
in  the  1980  (early  action)  basin  plan  of  improvement  (see  Plates  K-1 
and  K-1  6 in  Appendix  K)  would  provide  sufficient  flow  to  permit  canoeing 
in  the  tributary  reaches  described  above  in  Section  A on  a dependable, 
daily  basi.s  throughout  the  summer  season.  It  is  anticipated  that  addi- 
tional low  flow  augmentation  projects  will  be  added  to  the  basin  plan  in 


future  years  that  will  permit  dependable  canoeing  on  some  of  the  tri- 
butary streams.  However,  consideration  will  be  given  to  possible  re- 
leases from  existing  storage  projects  or  from  projects  in  the  1980 
plan  so  that  substantial  releases  could  be  made  over  a 6 to  12-hour 
period  to  permit  good  canoeing  conditions  on  a scheduled  basis  on 
several  of  the  more  interesting  or  scenic  streams.  For  example, 
gradual  buildup  of  pool  levels  within  some  of  the  Westfield  River  Basin 
storage  reservoirs  so  that  substantial  low  flow  augmentation  releases 
could  be  made  two  or  three  times  each  summer  and  autumn. 
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